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Advanced Multibus Architecture With Three 
Separate 16-Bit Data Memory Buses and 
One Program Memory Bus 

40-Bit Arithmetic Logic Unit (ALU) 
Including a 40-Bit Barrel Shifter and Two 
Independent 40-Bit Accumulators 

17- x 17-Bit Parallel Multiplier Coupled to a 
40-Bit Dedicated Adder for Non-Pipelined 
Single-Cycle Multiply/Accumulate (MAC) 
Operation 

Compare, Select, and Store Unit (CSSU) for 
the Add/Compare Selection of the Viterbi 
Operator 

Exponent Encoder to Compute an 
Exponent Value of a 40-Bit Accumulator 
Value in a Single Cycle 

Two Address Generators With Eight 
Auxiliary Registers and Two Auxiliary 
Register Arithmetic Units (ARAUs) 

Data Bus With a Bus Holder Feature 
Address Bus With a Bus Holder Feature 
(548 and ’549 Only) 

Extended Addressing Mode for 8M x 16-Bit 
Maximum Addressable External Program 
Space (’548 and ’549 Only) 

192K x 16-Bit Maximum Addressable 
Memory Space (64K Words Program, 

64K Words Data, and 64K Words I/O) 
On-Chip ROM with Some Configurable to 
Program/Data Memory 

Dual-Access On-Chip RAM 

Single-Access On-Chip RAM (548/549) 
Single-Instruction Repeat and 
Block-Repeat Operations for Program Code 
Block-Memory-Move Instructions for Better 
Program and Data Management 
Instructions With a 32-Bit Long Word 
Operand 

Instructions With Two- or Three-Operand 
Reads 

Arithmetic Instructions With Parallel Store 
and Parallel Load 


Conditional Store Instructions 


Fast Return From Interrupt 


On-Chip Peripherals 

— Software-Programmable Wait-State 
Generator and Programmable Bank 
Switching 

— On-Chip Phase-Locked Loop (PLL) Clock 
Generator With Internal Oscillator or 
External Clock Source 

— Full-Duplex Serial Port to Support 8- or 
16-Bit Transfers (’541, ’LC545, and 
"LC546 Only) 

— Time-Division Multiplexed (TDM) Serial 
Port (’542, ’543, 548, and 549 Only) 

— Buffered Serial Port (BSP) (’542, ’543, 
"LC545, ’LC546, 548, and ’549 Only) 

— 8-Bit Parallel Host-Port Interface (HPI) 
(542, ’LC545, 548, and ’549) 

— One 16-Bit Timer 

— External-Input/Output (XIO) Off Control 
to Disable the External Data Bus, 
Address Bus and Control Signals 


Power Consumption Conirol With IDLE1, 
IDLE2, and IDLE3 Instructions With 
Power-Down Modes 


CLKOUT Off Control to Disable CLKOUT 


On-Chip Scan-Based Emulation Logic, 
IEEE Std 1149.1t (JTAG) Boundary Scan 
Logic 

25-ns Single-Cycle Fixed-Point Instruction 
Execution Time [40 MIPS] for 5-V Power 
Supply ('C541 and ’C542 Only) 


20-ns and 25-ns Single-Cycle Fixed-Point 
Instruction Execution Time (50 MIPS and 
40 MIPS) for 3.3-V Power Supply (’LC54x) 


15-ns Single-Cycle Fixed-Point Instruction 
Execution Time (66 MIPS) for 3.3-V Power 
Supply (LC54xA, ’548, ’LC549) 


12.5-ns Single-Cycle Fixed-Point 
Instruction Execution Time (80 MIPS) for 
3.3-V Power Supply (’LC548, ’LC549) 


10-ns and 8.3-ns Single-Cycle Fixed-Point 
Instruction Execution Time (100 and 120 
MIPS) for 3.3-V Power Supply (2.5-V Core) 
(VC549) 


Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of 
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet. 
T IEEE Standard 1149.1-1990 Standard-Test-Access Port and Boundary Scan Architecture. 
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The TMS320C54x, TMS320LC54x, and TMS320VC54x fixed-point, digital signal processor (DSP) families 
(hereafter referred to as the 54x unless otherwise specified) are based on an advanced modified Harvard 
architecture that has one program memory bus and three data memory buses. These processors also provide 
an arithmetic logic unit (ALU) that has a high degree of parallelism, application-specific hardware logic, on-chip 
memory, and additional on-chip peripherals. These DSP families also provide a highly specialized instruction 
set, which is the basis of the operational flexibility and speed of these DSPs. 


Separate program and data spaces allow simultaneous access to program instructions and data, providing the 
high degree of parallelism. Two reads and one write operation can be performed in a single cycle. Instructions 
with parallel store and application-specific instructions can fully utilize this architecture. In addition, data can be 
transferred between data and program spaces. Such parallelism supports a powerful set of arithmetic, logic, 
and bit-manipulation operations that can all be performed in a single machine cycle. In addition, the 'C54x, 
’LC54x, and ’VC54x versions include the control mechanisms to manage interrupts, repeated operations, and 
function calls. 


Table 1 provides an overview of the ’54x generation of DSPs. The table shows significant features of each 
device including the capacity of on-chip RAM and ROM memories, the peripherals, the execution time of one 
machine cycle, and the type of package with its total pin count. 


Table 1. Characteristics of the 54x Processors 
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Legend: 


TQFP = Thin Quad Flatpack 

BGA = MicroStar BGA™ (Ball Grid Array) 

t The dual-access RAM (single access RAM on ’548 and ’549 devices) can be configured as data memory or program/data memory. 
+ For ’C541/'LC541, 8K words of ROM can be configured as program memory or program/data memory. 

§ Two standard (general-purpose) serial ports 

One TDM and one BSP 

# For °LC545/'LC546, 16K words of ROM can be configured as program memory or program/data memory. 

| One standard and one BSP 

One TDM and two BSPs 

Refer to separate data sheet for electrical specifications. 


MicroStar BGA is a trademark of Texas Instruments Incorporated. 
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TMS320C541, TMS320LC541 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vgs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 
TMS320C541PZ/TMS320LC541 PZ (100-pin TQFP packages). 


For the 'C541/'LC541 (100-pin packages), no letter in front of CLKRn, FSRn, DRn, CLKXn, FSXn, and DXn pin 
names denotes standard serial port (where n = 0 or 1 port). 
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TMS320C542/TMS320LC542 
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TNC = No connection 
+ DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vs is the ground for both the I/O pins and the 
core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 
TMS320C542PGE/LC542PGE (144-pin TQFP packages). 


For the ’C542/’LC542 (144-pin TQFP packages), the letter B in front of CLKR, FSR, DR, CLKX, FSX, and DX 
pin names denotes buffered serial port (BSP). The letter T in front of CLKR, FSR, DR, CLKX, FSX, and DX pin 
names denotes time-division multiplexed (TDM) serial port. 
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TMS320LC542 
PBK PACKAGET 
(TOP VIEW) 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vgs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 
TMS320LC542PBK (128-pin TQFP package). 


For the ’LC542 (128-pin TQFP package), the letter B in front of CLKR, FSR, DR, CLKX, FSX, and DX pinnames 
denotes buffered serial port (BSP). The letter T in front of CLKR, FSR, DR, CLKX, FSX, and DX pin names 
denotes time-division multiplexed (TDM) serial port. 
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TMS320LC543 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 


TMS320LC543PZ (100-pin TQFP package). 


For the ’LC543 (100-pin TQFP package), the letter B in front of CLKR, FSR, DR, CLKX, FSX, and DX denotes 
buffered serial port (BSP). The letter T in front of CLKR, FSR, DR, CLKX, FSX, and DX denotes time-division 


multiplexed (TDM) serial port. 
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TMS320LC545 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vgs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the for the 
TMS320LC545PBK (128-pin TQFP package). 


For the ’LC545 (128-pin TQFP package), the letter B in front of CLKR, FSR, DR, CLKX, FSX, and DX pinnames 
denotes buffered serial port (BSP). No letter in front of CLKR, FSR, DR, CLKX, FSX, and DX pin names denotes 


standard serial 


port. 
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TMS320LC546 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the for the 


TMS320LC546PZ (100-pin TQFP package). 


For the ’LC546 (100-pin TQFP package), the letter B in front of CLKR, FSR, DR, FSX, and DX denotes buffered 
serial port (BSP). No letter in front of CLKR, FSR, DR, FSX, and DX denotes standard serial port. 
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TMS320LC548, TMS320LC549, and TMS320VC549 
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+ DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vgs is the ground for both the I/O pins and the 


core CPU. 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 
TMS320LC548PGE (144-pin TQFP package). 


For the 'LC548, ’LC549 and ’VC549 (144-pin TQFP package), the letter B in front of CLKRn, FSRn, DRn, 
CLKXn, FSXn, and DXn pin names denotes buffered serial port (BSP), where n = 0 or 1 port. The letter T in 
front of CLKR, FSR, DR, CLKX, FSX, and DX pin names denotes time-division multiplexed (TDM) serial port. 
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TMS320LC548, TMS320LC549, TMS320VC549 
GGU PACKAGE 
(BOTTOM VIEW) 
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The pin assignments table to follow lists each signal quadrant and BGA ball pin number for the TMS320LC548, 
TMS320LC549, and TMS320VC549 (144-pin BGA package). 


The ’54x signal descriptions table lists each terminal name, function, and operating mode(s) for the 
TMS320LC548GGU, TMS320LC549GGU, and TMS320VC549GGU. 
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Pin Assignments for the TMS320LC548GGU, tot cha and TMS320VC549GGU 
(144-Pin BGA Package)t 
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t DVpp is the power supply for the I/O pins while CVpp is the power supply for the core CPU, and Vgs is the ground for both the I/O pins and the 
core CPU. 
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54x Signal Descriptions 


TERMINAL 
NAME TYPEt DESCRIPTION 


A22  (MSB) Parallel port address bus A22 (MSB) through AO (LSB). The sixteen LSBs (A15—A0) are multiplexed to address 
A21 external data/program memory or I/O. A15—A0 are placed in the high-impedance state in the hold mode. A15—A0 
A20 also go into the high-impedance state when EMU1/OFF is low. The seven MSBs (A22 to A16) are used for 
A19 extended program memory addressing (’548 and ’549 only). 

A18 On the 548 and ’549 devices, the address bus have a feature called bus holder that eliminates passive 
A17 components and the power dissipation associated with it. The bus holders keep the address bus at the previous 
A16 logic level when the bus goes into a high-impedance state. The bus holders on the address bus are always 
A15 enabled. 
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Al 


Parallel port data bus D15 (MSB) through DO (LSB). D15—D0 are multiplexed to transfer data between the core 
CPU and external data/program memory or I/O devices. D15—D0 are placed in the high-impedance state when 
not output or when RS or HOLD is asserted. D15—D0 also go into the high-impedance state when EMU1/OFF 
is low. 

The data bus has a feature called bus holder that eliminates passive components and the power dissipation 
associated with it. The bus holders keep the data bus at the previous logic level when the bus goes into a 
high-impedance state. These bus holders are enabled or disabled by the BH bit in the bank switching control 
register (BSCR). 


INITIALIZATION, INTERRUPT AND RESET OPERATIONS 


Interrupt acknowledge signal. [ACK indicates the receipt of an interrupt and that the program counter is fetching 
the interrupt vector location designated by A15—0. IACK also goes into the high-impedance state when 
EMU1/OFF is low. 


External user interrupt inputs. INTO—INTS3 are prioritized and are maskable by the interrupt mask register and the 
interrupt mode bit. INTO -INT3 can be polled and reset by the interrupt flag register. 


tI = Input, O = Output, Z = High impedance 
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"54x Signal Descriptions (Continued) 


TERMINAL 
NAME TYPEt DESCRIPTION 


INITIALIZATION, INTERRUPT AND RESET OPERATIONS (CONTINUED) 


Nonmaskable interrupt. NMI is an external interrupt that cannot be masked by way of the INTM or the IMR. When 
NMI is activated, the processor traps to the appropriate vector location. 


Reset input. RS causes the DSP to terminate execution and forces the program counter to OFF80h. When RS 
is brought to a high level, execution begins at location OFF80h of the program memory. RS affects various 
registers and status bits. 


Microprocessor/microcomputer mode-select pin. If active-low at reset (microcomputer mode), MP/MC causes 
the internal program ROM to be mapped into the upper program memory space. In the microprocessor mode, 
off-chip memory and its corresponding addresses (instead of internal program ROM) are accessed by the DSP. 


I/O level select. For 5-V operation, all input and output voltage levels are TTL-compatible when CNT is pulled 
down to a low level. For 3-V operation with CMOS-compatible I/O interface levels, CNT is pulled to a high level. 


MULTIPROCESSING SIGNALS 


Branch control input. A branch can be conditionally executed when BIO is active. If low, the processor executes 
the conditional instruction. The BIO condition is sampled during the decode phase of the pipeline for the XC 
instruction, and all other instructions sample BIO during the read phase of the pipeline. 


External flag output (latched software-programmable signal). XF is set high by the SSBX XF instruction, set low 
by RSBX XF instruction or by loading the ST1 status register. XF is used for signaling other processors in 
multiprocessor configurations or as a general-purpose output pin. XF goes into the high-impedance state when 
OFF is low, and is set high at reset. 


MEMORY CONTROL SIGNALS 


Data, program, and I/O space select signals. DS, PS, and IS are always high unless driven low for communicating 
to a particular external space. Active period corresponds to valid address information. Placed into a 
high-impedance state in hold mode. DS, PS, and IS also go into the high-impedance state when EMU1/OFF is 
low. 


Memory strobe signal. MSTRB is always high unless low-level asserted to indicate an external bus access to data 
or program memory. Placed in high-impedance state in hold mode. MSTRB also goes into the high-impedance 
state when OFF is low. 


Data-ready input. READY indicates that an external device is prepared for a bus transaction to be completed. 
If the device is not ready (READY is low), the processor waits one cycle and checks READY again. Note that the 
processor performs ready-detection if at least two software wait states are programmed. The READY signal is 
not sampled until the completion of the software wait states. 


Read/write signal. R/W indicates transfer direction during communication to an external device and is normally 
high (in read mode), unless asserted low when the DSP performs a write operation. Placed in the high-impedance 
state in hold mode, R/W also goes into the high-impedance state when EMU1/OFF is low. 


I/O strobe signal. |OSTRB is always high unless low level asserted to indicate an external bus access to an I/O 
device. Placed in high-impedance state in hold mode. IOSTRB also goes into the high-impedance state when 
EMU1/OFF is low. 


Hold input. HOLD is asserted to request control of the address, data, and control lines. When acknowledged by 
the ’54x, these lines go into high-impedance state. 


Hold acknowledge signal. HOLDA indicates to the external circuitry that the processor is in a hold state and that 
the address, data, and control lines are in a high-impedance state, allowing them to be available to the external 
circuitry. HOLDA also goes into the high-impedance state when EMU1/OFF is low. 


Microstate complete signal. Goes low on CLKOUT falling at the start of the first software wait state. Remains low 
until one CLKOUT cycle before the last programmed software wait state. If connected to the READY line, MSC 
forces one external wait state after the last internal wait state has been completed. MSC also goes into the 
high-impedance state when EM1/OFF is low. 


T 1 = Input, O = Output, Z = High impedance 
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"54x Signal Descriptions (Continued) 


TERMINAL 
NAME TYPEt DESCRIPTION 


MEMORY CONTROL SIGNALS (CONTINUED) 


Instruction acquisition signal. [AQ is asserted (active low) when there is an instruction address on the address 
bus and goes into the high-impedance state when EMU1/OFF is low. 


OSCILLATOR/TIMER SIGNALS 


Master clock output signal. CLKOUT cycles at the machine-cycle rate of the CPU. The internal machine cycle 
CLKOUT O/Z is bounded by the falling edges of this signal. CLKOUT also goes into the high-impedance state when EMU1/OFF 
is low. 


CLKMD1 Clock mode external/internal input signals. CLKMD1, CLKMD2, and CLKMD3 allow you to select and configure 
CLKMD2 different clock modes, such as crystal, external clock, and various PLL factors. Refer to PLL section for a detailed 
CLKMD3 functional description of these pins. 


Input pin to internal oscillator from the crystal. If the internal (crystal) oscillator is not being used, a clock can 
X2/CLKIN | become input to the device using this pin. The internal machine cycle time is determined by the clock 
operating-mode pins (CLKMD1, CLKMD2 and CLKMD3). 
va 0 Output pin from the internal oscillator for the crystal. If the internal oscillator is not used, X1 should be left 
unconnected. X1 does not go into the high-impedance state when EMU1/OFF is low. 
Timer output. TOUT signals a pulse when the on-chip timer counts down past zero. The pulse is a CLKOUT-cycle 
wide. TOUT also goes into the high-impedance state when EMU1/OFF is low. 


TOUT O/Z 


BUFFERED SERIAL PORT 0 AND BUFFERED SERIAL PORT 1 SIGNALS 


Receive clocks. External clock signal for clocking data from the data-receive (DR) pin into the buffered serial port 
receive shift registers (RSRs). Must be present during buffered serial port transfers. If the buffered serial port is 
not being used, BCLKRO and BCLKR1 can be sampled as an input by way of INO bit of the SPC register. 


BCLKRO 
BCLKR1 


Transmit clock. Clock signal for clocking data from the serial port transmit shift register (XSR) to the data transmit 
(DX) pin. BCLKX can be an input if MCM in the serial port control register is cleared to 0. It also can be driven 
by the device at 1/(CLKDV + 1) where CLKDV range is 0-31 CLKOUT frequency when MCM is set to 1. If the 
buffered serial port is not used, BCLKX can be sampled as an input by way of IN1 of the SPC register. BCLKX0 
and BCLKX1 go into the high-impedance state when OFF is low. 


Buffered serial-data-receive input. Serial data is received in the RSR by BDRO/BDR1. 


Buffered serial-port-transmit output. Serial data is transmitted from the XSR by way of BDX. BDX0O and BDX1 are 
placed in the high-impedance state when not transmitting and when EMU1/OFF is low. 


BCLKXO 
BCLKX1 


Frame synchronization pulse for receive input. The falling edge of the BFSR pulse initiates the data-receive 
process, beginning the clocking of the RSR. 


Frame synchronization pulse for transmit input/output. The falling edge of the BFSX pulse initiates the 
data-transmit process, beginning the clocking of the XSR. Following reset, the default operating condition of 
BFSX is an input. BFSX0 and BFSX1 can be selected by software to be an output when TXM in the serial control 
register is set to 1. This pin goes into the high-impedance state when EMU1/OFF is low. 


SERIAL PORT 0 AND SERIAL PORT 1 SIGNALS 


Receive clocks. External clock signal for clocking data from the data receive (DR) pin into the serial port receive 
shift register (RSR). Must be present during serial port transfers. If the serial port is not being used, CLKRO and 
CLKR1 can be sampled as an input via INO bit of the SPC register. 


Transmit clock. Clock signal for clocking data from the serial port transmit shift register (XSR) to the data transmit 
(DX) pin. CLKX can be an input if MCM in the serial port control register is cleared to 0. It also can be driven by 
the device at 1/4 CLKOUT frequency when MCM is set to 1. If the serial port is not used, CLKX can be sampled 
as an input via IN1 of the SPC register. CLKXO and CLKX1 go into the high-impedance state when EMU1/OFF 
is low. 


Serial-data-receive input. Serial data is received in the RSR by DR. 


tI = Input, O = Output, Z = High impedance 


v3 TEXAS 
INSTRUMENTS 


14 POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


*54x Signal Descriptions (Continued) 


TERMINAL 
NAME TYPEt DESCRIPTION 


SERIAL PORT 0 AND SERIAL PORT 1 SIGNALS (CONTINUED) 


DX0 Serial port transmit output. Serial data is transmitted from the XSR via DX. DXO and DX1 are placed in the 
DX1 high-impedance state when not transmitting and when EMU1/OFF is low. 


FSRO Frame synchronization pulse for receive input. The falling edge of the FSR pulse initiates the data-receive 
FSR1 process, beginning the clocking of the RSR. 


Frame synchronization pulse for transmit input/output. The falling edge of the FSX pulse initiates the data transmit 
process, beginning the clocking of the XSR. Following reset, the default operating condition of FSX is an input. 
FSX0 and FSX1 can be selected by software to be an output when TXM in the serial control register is set to 1. 
This pin goes into the high-impedance state when EMU1/OFF is low. 


TDM SERIAL PORT SIGNALS 


HOST-PORT INTERFACE SIGNALS 


Parallel bidirectional data bus. HDO—HD7 are placed in the high-impedance state when not outputting data. The 
HDO-HD7 VO/Z signals go into the high-impedance state when EMU1/OFF is low. These pins each have bus holders similar to 
those on the address/data bus, but which are always enabled. 


HCNTLO : 
HCNTL1 | Control inputs 
Hal Byte-identification input 


Chip-select input 


HDS1 
HDS2 Data strobe inputs 


HR/W Read/write input 
HRDY O/Z Ready output. This signal goes into the high-impedance state when EMU1/OFF is low. 


Interrupt output. When the DSP is in reset, this signal is driven high. The signal goes into the high-impedance 
state when EMU1/OFF is low. 


HPI module select input. This signal must be tied to a logic 1 state to have HPI selected. If this input is left open 
or connected to ground, the HPI module will not be selected, internal pullup for the HPI input pins are enabled, 

HPIENA and the HPI data bus has keepers set. This input is provided with an internal pull-down resistor which is active 
only when RS is low. HPIENA is sampled when RS goes high and ignored until RS goes low again. Refer to the 
Electrical Characteristics section for the input current requirements for this pin. 


SUPPLY PINS 


CVpp Supply +Vpp. CVpp is the dedicated power supply for the core CPU. 
DVpp Supply +Vpp. DVpp is the dedicated power supply for I/O pins. 
Vss Supply Ground. Vsg is the dedicated power ground for the device. 


TI = Input, O = Output, Z = High impedance 
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"54x Signal Descriptions (Continued) 


TERMINAL 
NAME TYPEt DESCRIPTION 


IEEE1149.1 TEST PINS 


IEEE standard 1149.1 test clock. Pin with internal pullup device. This is normally a free-running clock signal with 
a 50% duty cycle. The changes on the test-access port (TAP) of input signals TMS and TDI are clocked into the 
TAP controller, instruction register, or selected test data register on the rising edge of TCK. Changes at the TAP 
output signal (TDO) occur on the falling edge of TCK. 


IEEE standard 1149.1 test data input. Pin with internal pullup device. TDI is clocked into the selected register 
(instruction or data) on a rising edge of TCK. 


IEEE standard 1149.1 test data output. The contents of the selected register (instruction or data) is shifted out 
of TDO on the falling edge of TCK. TDO is in the high-impedance state except when the scanning of data is in 
progress. TDO also goes into the high-impedance state when EMU1/OFF is low. 


IEEE standard 1149.1 test mode select. Pin with internal pullup device. This serial control input is clocked into 
the TAP controller on the rising edge of TCK. 


IEEE standard 1149.1 test reset. TRST, when high, gives the IEEE standard 1149.1 scan system control of the 


operations of the device. If TRST is not connected or driven low, the device operates in its functional mode, and 
the IEEE standard 1149.1 signals are ignored. Pin with internal pulldown device. 


Emulator interrupt 0 pin. When TRST is driven low, EMUO must be high for the activation of the EMU1/OFF 
condition. When TRST is driven high, EMUO is used as an interrupt to or from the emulator system and is defined 
as input/output by way of IEEE standard 1149.1 scan system. 


Emulator interrupt 1 pin/disable all outputs. When TRST is driven high, EMU1/OFF is used as an interrupt to or 
from the emulator system and is defined as input/output by way of IEEE standard 1149.1 scan system. When 
TRST is driven low, EMU1/OFF is configured as OFF. The EMU1/OFF signal, when active low, puts all output 
drivers into the high-impedance state. Note that OFF is used exclusively for testing and emulation purposes (not 
for multiprocessing applications). Therefore, for the OFF condition, the following conditions apply: 

TRST = low, 

EMUO = high 

EMU1/OFF = low 


EMU1/OFF 


DEVICE TEST PIN 


Test1 — Reserved for internal use only (’LC548, ’LC549, and ’VC549 only). This pin must not be connected 
(NC). 


Tt = Input, O = Output, Z = High impedance 


architecture 


The 54x DSPs use an advanced, modified Harvard architecture that maximizes processing power by 
maintaining three separate bus structures for data memory and one for program memory. Separate program 
and data spaces allow simultaneous access to program instructions and data, providing a high degree of 
parallelism. For example, two read and one write operations can be performed in a single cycle. Instructions 
with parallel store and application-specific instructions fully utilize this architecture. In addition, data can be 
transferred between data and program spaces. Such parallelism supports a powerful set of arithmetic, logic, 
and bit-manipulation operations that can all be performed in a single machine cycle. In addition, the ’54x include 
the control mechanisms to manage interrupts, repeated operations, and function calls. 


The functional block diagram includes the principal blocks and bus structure in the 54x devices. 
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functional block diagram of the ’54x internal hardware 
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central processing unit (CPU) 


The CPU of the 54x devices contains: 


A 40-bit arithmetic logic unit (ALU) 

Two 40-bit accumulators 

A barrel shifter 

A 17 x 17-bit multiplier/adder 

@ Acompare, select and store unit (CSSU) 


arithmetic logic unit (ALU) 


The '54x devices perform 2s-complement arithmetic using: a 40-bit arithmetic logic unit (ALU) and two 40-bit 
accumulators (ACCA and ACCB). The ALU also can perform Boolean operations. 


The ALU can function as two 16-bit ALUs and perform two 16-bit operations simultaneously when the C16 bit 
in status register 1 (ST1) is set. 


accumulators 


The accumulators, ACCA and ACCB, store the output from the ALU or the multiplier / adder block; the 
accumulators can also provide a second input to the ALU or the multiplier / adder. The accumulators are divided 
into three parts: 


@® Guard bits (bits 32-39) 
@ A high-order word (bits 16-31) 
@ A low-order word (bits 0-15) 


Instructions are provided for storing the guard bits, the high- and the low-order accumulator words in data 
memory, and for manipulating 32-bit accumulator words in or out of data memory. Also, any of the accumulators 
can be used as temporary storage for the other. 


barrel shifter 


The ’54x’s barrel shifter has a 40-bit input connected to the accumulator, or data memory 
(CB, DB) and a 40-bit output connected to the ALU, or data memory (EB). The barrel shifter produces a left shift 
of 0 to 31 bits and aright shift of 0 to 16 bits on the input data. The shift requirements are defined in the shift-count 
field (ASM) of ST1 or defined in the temporary register (TREG), which is designated as a shift-count register. 
This shifter and the exponent detector normalize the values in an accumulator in a single cycle. The least 
significant bits (LSBs) of the output are filled with Os and the most significant bits (MSBs) can be either zero-filled 
or sign-extended, depending on the state of the sign-extended mode bit (SXM) of ST1. Additional shift 
capabilities enable the processor to perform numerical scaling, bit extraction, extended arithmetic, and overflow 
prevention operations. 


multiplier /adder 


The multiplier / adder performs 17 x 17-bit 2s-complement multiplication with a 40-bit accumulation in a single 
instruction cycle. The multiplier / adder block consists of several elements: a multiplier, adder, signed / unsigned 
input control, fractional control, a zero detector, a rounder (2s-complement), overflow / saturation logic, and 
TREG. The multiplier has two inputs: one input is selected from the TREG, a data-memory operand, or an 
accumulator; the other is selected from the program memory, the data memory, an accumulator, or an 
immediate value. The fast on-chip multiplier allows the ’54x to perform operations such as convolution, 
correlation, and filtering efficiently. 


In addition, the multiplier and ALU together execute multiply/accumulate (MAC) computations and ALU 
operations in parallel in a single instruction cycle. This function is used in determining the Euclid distance, and 
in implementing symmetrical and least mean square (LMS) filters, which are required for complex DSP 
algorithms. 
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compare, select and store unit (CSSU) 


The compare, select and store unit (CSSU) performs maximum comparisons between the accumulator’s high 
and low word, allows the test/control (TC) flag bit of status register 0 (STO) and the transition (TRN) register 
to keep their transition histories, and selects the larger word in the accumulator to be stored in data memory. 
The CSSU also accelerates Viterbi-type butterfly computation with optimized on-chip hardware. 


program control 
Program control is provided by several hardware and software mechanisms: 


@ The program controller decodes instructions, manages the pipeline, stores the status of operations, and 
decodes conditional operations. Some of the hardware elements included in the program controller are the 
program counter, the status and control register, the stack, and the address-generation logic. 


@ Some of the software mechanisms used for program control include branches, calls, conditional 
instructions, a repeat instruction, reset, and interrupts. 


power-down modes 


There are three power-down modes, activated by the IDLE1, IDLE2, and IDLE3 instructions. In these modes, 
the 54x devices enter a dormant state and dissipate considerably less power than in normal operation. The 
IDLE1 instruction is used to shut down the CPU. The IDLE2 instruction is used to shut down the CPU and on-chip 
peripherals. The IDLE instruction is used to shut down the ’54x processor completely. This instruction stops 
the PLL circuitry as well as the CPU and peripherals. 


bus structure 


The ’54x device architecture is built around eight major 16-bit buses: 


@® One program-read bus (PB), which carries the instruction code and immediate operands from program 
memory 


@ Two data-read buses (CB, DB) and one data-write bus (EB), which interconnect to various elements, such 
as the CPU, data-address generation logic, program-address generation logic, on-chip peripherals, and 
data memory 


— The CB and DB carry the operands read from data memory. 
— The EB carries the data to be written to memory. 


@ Four address buses (PAB, CAB, DAB, and EAB), which carry the addresses needed for instruction 
execution 


The ’54x devices have the capability to generate up to two data-memory addresses per cycle, which are stored 
into two auxiliary register arithmetic units (ARAUO and ARAU1). 


The PB can carry data operands stored in program space (for instance, a coefficient table) to the multiplier for 
multiply/accumulate operations or to a destination in data space for the data move instruction. This capability 
allows implementation of single-cycle three-operand instructions such as FIRS. 


The ’54x devices also have an on-chip bidirectional bus for accessing on-chip peripherals; this bus is connected 
to DB and EB through the bus exchanger in the CPU interface. Accesses using this bus can require more than 
two cycles for reads and writes depending on the peripheral’s structure. 


The ’54x devices can have bus keepers connected to the data bus. Bus keepers ensure that the data bus does 
not float. When bus keepers are enabled, the data bus maintains its previous level. Setting bit 1 of the bank 
switching control register (BSCR) enables bus keepers and clearing bit 1 disables the bus keepers. A reset 
automatically disables the bus keepers. 
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bus structure (continued) 


The ’548 and ’549 devices also have equivalent bus keepers connected to the address bus. The bus keepers 
ensure the address bus does not float when in high-impedance. For the 548 and 549 devices, the bus keepers 
are always enabled. 


Table 2 summarizes the buses used by various types of accesses. 


Table 2. Bus — for Accesses 


ACCESS TYPE 


Ss 
Frowamread Sid 
[Programwite |__| 
[Batasngieveas «dt C—*d 
[Data duairead «did 
Dataiong ened «4 SC*dtC 
Datasinglewiie _——*i|_—_+| 
[Datareasidatawiia ——+| + 
[Dual eadooeticentread |__| 
Perperiresa Sid Cid 
[Peiheralwie |] 


Legend: 
hw = high 16-bit word 
lw = low 16-bit word 


memory 


The total memory address range for the host of 54x devices is 192K 16-bit words. The ’548 and ’549 devices 
have 8M-word program memory. The memory space is divided into three specific memory segments: 64K-word 
program, 64K-word data, and 64K-word I/O. The program memory space contains the instructions to be 
executed as well as tables used in execution. The data memory space stores data used by the instructions. The 
1/O memory space interfaces to external memory-mapped peripherals and can also serve as extra data storage 
space. 


The parallel nature of the architecture of these DSPs allows them to perform four concurrent memory operations 
in any given machine cycle: fetching an instruction, reading two operands, and writing an operand. The four 
parallel buses are the program-read bus (PB), the data-write bus (EB) and the two data-read buses (CB and 
DB). Each bus accesses different memory spaces for different aspects of the DSP’s operation. Additionally, this 
architecture allows dual-operand reads, 32-bit-long word accesses, and a single read with a parallel store. 


The ’54x DSPs include on-chip memory to aid in system performance and integration. 
on-chip ROM 


The ’C541 and ’LC541 feature a 28K-word x 16-bit on-chip maskable ROM. 8K words of the ’C541 and ’LC541 
ROM can be mapped into program and data memory space if the data ROM (DROM) bit in the processor mode 
status (PMST) register is set. This allows an instruction to use data stored in the ROM as an operand. 


The 'LC545/’LC546 all feature a 48K-word x 16-bit on-chip maskable ROM. 16K words of the ROM on these 
devices can be mapped into program and data memory space if the DROM bit in the PMST register is set. 


The ’C542/'LC542/'LC543/’LC548 all feature 2K-word x 16-bit on-chip ROM. 
The ’LC549 and ’VC549 feature 16K-word x 16-bit on-chip ROM. 
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on-chip ROM (continued) 


Customers can arrange to have the ROM of the 54x programmed with contents unique to any particular 
application. 


on-chip dual-access RAM (DARAM) 
The ’541 devices have a 5K-word x 16-bit on-chip DARAM (5 blocks of 1K-word each). 
The ’542 and ’543 devices have a 10K-word x 16-bit on-chip DARAM (5 blocks of 2K-word each). 
The '545 and '546 devices have a 6K-word x 16-bit on-chip DARAM (3 blocks of 2K-word each). 
The ’548 and ’549 devices have a 8K-word x 16-bit on-chip DARAM (4 blocks of 2K-word each). 


Each of these RAM blocks can be accessed twice per machine cycle. This memory is intended primarily to store 
data values; however, it can be used to store program as well. At reset, the DARAM is mapped into data memory 
space. DARAM can be mapped into program/data memory space by setting the OVLY bit in the PMST register. 


on-chip single-access RAM (SARAM) 
The ’548 and ’549 devices have a 24K word x 16 bit on-chip SARAM (three blocks of 8K words each). 


Each of these SARAM blocks is a single-access memory. This memory is intended primarily to store data values; 
however, it can be used to store program as well. At reset, the SARAM is mapped into data memory space 
(2000h—7FFFh). SARAM can be mapped into program/data memory space by setting the OVLY bit in the PMST 
register. 


on-chip memory security 


The ’54x devices have a maskable option to protect the contents of on-chip memories. When the related bit is 
set, no externally originating instruction can access the on-chip memory spaces. 
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memory (continued) 


Hex Program Hex Program Hex Data 
0000 0000 0000 Memory-Mapped 
Reserved Reserved Registers 
(OVLY =1) (OVLY =1) OOSF 
or or 0060 
Scratch-Pad RAM 
External External 007F 
(OVLY =0) (OVLY =0) 0080 
007F 007F 
0080 0080 
On-Chip DARAM On-Chip DARAM On-Chip DARAM 
(OVLY =1) (OVLY = 1) (5K Words) 
or or 
External External 13FF 
(OVLY =0) (OVLY =0) 1400 
13FF 13FF External 
14 1400 
a External DFFF 
Pasa E000 On-Chip ROM 
External oo =1) 
OaaK Wordey External (DROM=0) 
FEFF 
FF7F FF7F = 
FF80| Interrupts and FF80 | __ Interrupts and FEOO Heperven awn =1) 
Reserved Reserved = 
FFFF (External) FFFF (On-Chip) FFFF External (DROM= 0) 


MP/MC= 1 


(Microprocessor Mode) 


MP/MC= 0 


(Microcomputer Mode) 


Figure 1. Memory Map (’541 only) 


Hex Program Hex Program Hex Data 
0000 0000 a Pree 0000 Memory-Mapped 
Reserved (OVLY=1) oon A =1) 005F Registers 
bs External (OVLY=0) 0060 
External (OVLY=0) Scratch-Pad RAM 
007F 007F 
0080 0080 
ath On-Chip DARAM 
(OVLY=1) 
or 
On-Chip DARAM External (OVLY=0) On-Chip DARAM 
(OVLY=1) 27FF (10K Words) 
or 2800 
External (OVLY=0) 
a External laa 
2a EFFF 
F000 
Reserved 
External aaa 
On-Chip ROM External 
FF7F FF7F en nates) 
FF80 Interrupts and FF80 Interrupts and 
Reserved Reserved 
FFFF (External) FFFF (On-Chip) FFFF 


MP/MC= 1 


MP/MC= 0 


(Microprocessor Mode) (Microcomputer Mode) 


Figure 2. Memory Map (542 and ’543 only) 
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memory (continued) 


Hex 
0000 

Reserved 

(OVLY = 1) 

or 
External (OVLY =0) 

007F 
0080 


On-Chip DARAM 
(OVLY =1) 
or 


External (OVLY =0) 


17FF 
1800 


External 


FF7F 

FF80 Interrupts and 
Reserved 

FFFF (External) 


MP/MC= 1 
(Microprocessor Mode) 
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Hex 
0000 

Reserved 

(OVLY =1) 

or 
External (OVLY =0) 

007F 
0080 


On-Chip DARAM 
(OVLY =1) 
or 


External (OVLY =0) 


17FF 
1800 
External 
3FFF 
4000 
On-Chip ROM 
(48K Words) 
FF7F 
FF80 Interrupts and 
Reserved 
FFFF (On-Chip) 


MP/MC= 0 


(Microcomputer Mode) 


Hex 
0000 


005F 
0060 


007F 
0080 


17FF 
1800 


BFFF 
co00 


FEFF 
FFOO 


FFFF 


Figure 3. Memory Map (’545 and ’546 only) 


Data 
Memory-Mapped Registers 


Scratch-Pad RAM 


On-Chip DARAM 
(6K Words) 


External 


On-Chip ROM (DROM= 1) 
or 
External (DROM=0) 


Reserved (DROM=1) 


or 
External (DROM= 0) 
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memory (continued) 


Hex Program Hex Program Hex Data 
oupe Reserved 0000) Reserved 0000 | _ Memory-Mapped 
(OVLY = 1) (OVLY =1) 005F Registers 
or or 0060 
External (OVLY =0) External (OVLY =0) Scratch-Pad RAM 
007F 007F 007F 
0080 0080 | On-Chip DARAM 0080 


On-Chip DARAM 


(OVLY =1) (OVLY =1) On-Chip DARAM 
or or (8K Words) 
= External (OVLY =0 
afer | External (OVLY =0) 1FFF ( ) 1FFF 
2000 On-Chip SARAM 2000 On-Chip SARAM 2000 
(OVLY =1) (OVLY =1) On-Chip SARAM 
or or (24K Words) 
External (OVLY =0 = 
JEFF ( ) 7EFF External (OVLY =0) = 
8000 8000 8000 
External 
External EFFF 
F000 
Reserved External 
F7FF 
F800) On-Chip ROM 
(2K Words) 
FF7F FE7F 
FF80 Interrupts and FF80 Interrupts and 
Reserved Reserved 
FFFF (External) FFFF (On-Chip) FFFF 


MP/MC= 1 


MP/MC= 0 


(Microprocessor Mode) (Microcomputer Mode) 


Figure 4. Memory Map (’548 only) 
(In the case of a 64K Program Word Address Reach) 
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memory (continued) 


Hex Program Hex Program Hex Data 
eo0e Reserved 0000) Reserved 0000 | Memory-Mapped 
(OVLY =1) (OVLY = 1) 005F Registers 
or or 0060 
External (OVLY =0) External (OVLY =0) Scratch-Pad RAM 
007F 007F 007F 
0080! on-Chip DARAM 0080 | On-Chip DARAM 0080 
(OVLY =1) (OVLY =1) On-Chip DARAM 
or or (8K Words) 
= External (OVLY =0 
1FFF External (OVLY =0) 1 FFF ( ) 1FFF 
2000 On-Chip SARAM 2000 On-Chip SARAM 2000 
(OVLY =1) (OVLY =1) On-Chip SARAM 
or or (24K Words) 
External (OVLY =0 = 
7FFF ( ) zeEF | External (OVLY =0) 7FFF 
8000 8000 8000 
External External 
External rate coon 
On-Chip ROM (DROM=1) 
On-Chip ROM or 
(16K Words) External (DROM=0) 
rer oa 
FF7F FFOO Reserved (DROM=1) 
FF80|_ Interrupts and nteMnptS ane or 
Resend Reserved External (DROM = 0) 


FFFF (External) 
MP/MC= 1 


(On-Chip) 
FFFF 


MP/MC= 0 


FFFF 


(Microprocessor Mode) (Microcomputer Mode) 


Figure 5. Memory Map (’549 only) 


xx 0000 01 0000 rd 020000 F717 7F 0000 rd 
e e e 

Page 0 | Page 1 | | Page 2 | | Page 127 | 

32K | sx | | sx | | sx | 

Wordst | Wordst | | Wordst ee | Wordst 

XX 7FFF 01 FrrFL___ 02 rrrFL_§ 7F rreFL_ 

00 8000 01 8000 02 8000 7F 8000 
e e e 
Page 127 
32K 
Words 

e e e 


00 FFFF 01 FFFF 02 FFFF 7F FFFF 


XPC =0 XPC =1 XPC =2 XPC = 127 


Tt See Figure 4 and Figure 5 for more information about this on-chip memory region. 
+ These pages available when OVLY = 0 when on-chip RAM is not mapped in program space or data space. When OVLY = 1 the first 32K words 
are all on page 0 when on-chip RAM is mapped in program space or data space. 
NOTE A: When the on-chip RAM is enabled in program space, all accesses to the region xx 0000 — xx 7FFF, regardless of page number, are 
mapped to the on-chip RAM at 00 0000 — 00 7FFF. 


Figure 6. Extended Program Memory (’548 and ’549 only) 
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program memory 


The external program memory space on the ’54x devices addresses up to 64K 16-bit words. Software can 
configure their memory cells to reside inside or outside of the program address map. When the cells are mapped 
into program space, the device automatically accesses them when their addresses are within bounds. When 
the program-address generation (PAGEN) logic generates an address outside its bounds, the device 
automatically generates an external access. The advantages of operating from on-chip memory are as follows: 


@ Higher performance because no wait states are required 
@ Lower cost than external memory 
@ Lower power than external memory 


The advantage of operating from off-chip memory is the ability to access a larger address space. 


program memory address map 


The reset, interrupt, and trap vectors are addressed in program space. These vectors are soft — meaning that 
the processor, when taking the trap, loads the program counter (PC) with the trap address and executes the 
code at the vector location. Four words are reserved at each vector location to accommodate a delayed branch 
instruction, and either two 1-word instructions or one 2-word instruction, which allows branching to the 
appropriate interrupt service routine without the overhead. 


At device reset, the reset, interrupt, and trap vectors are mapped to address FF80h in program space. However, 
these vectors can be remapped to the beginning of any 128-word page in program space after device reset. 
This is done by loading the interrupt vector pointer (IPTR) bits in the PMST register with the appropriate 
128-word page boundary address. After loading IPTR, any user interrupt or trap vector is mapped to the new 
128-word page. For example: 


STM #05800h, PMST ;Remapped vectors to start at 5800h. 


This example moves the interrupt vectors to program space at address 05800h. Any subsequent interrupt 
(except for a device reset) fetches its interrupt vector from that new location. For example, if, after loading the 
IPTR, an INT2 occurs, the interrupt service routine vector is fetched from location 5848h in program space as 
opposed to location FFC8h. This feature facilitates moving the desired vectors out of the boot ROM and then 
removing the ROM from the memory map. Once the system code is booted into the system from the boot-loader 
code resident in ROM, the application reloads the IPTR with a value pointing to the new vectors. In the previous 
example, the STM instruction is used to modify the PMST. Note that the STM instruction modifies not only the 
IPTR but other status/control bits in the PMST register. 


NOTE: The hardware reset (RS) vector cannot be remapped, because the hardware reset loads the IPTR with 
1s. Therefore, the reset vector is always fetched at location FF80h in program space. In addition, for the 54x, 
128 words are reserved in the on-chip ROM for device-testing purposes. Application code written to be 
implemented in on-chip ROM must reserve these 128 words at addresses FFOOh-FF7Fh in program space. 


extended program memory ('548 and ’549 only) 


The ’548 and ’549 devices use a paged extended memory scheme in program space to allow access of up to 
8M of program memory. This extended program memory is organized into 128 pages (0-127), each 64K in 
length. To implement the extended program memory scheme, the 548 and ’549 device includes the following 
additional features: 


@ Seven additional address lines (for a total of 23) 


@ An extra memory-mapped register [program counter extension register (XPC)] 


26 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


extended program memory (’548 and ’549 only) (continued) 

@ Six new instructions for addressing extended program memory space: 
— FB[D] — Far branch 
— FBACC[D] — Far branch to the location specified by the value in accumulator A or accumulator B 
— FCALA[D] — Far call to the location specified by the value in accumulator A or accumulator B 
— FCALL[D] — Far call 
— FRET[D] — Far return 
— FRETE[D] — Far return with interrupts enabled 

@ Two ’54x instructions are extended to use the 23 bits in the 548 and ’549 devices: 
— READA — Read program memory addressed by accumulator A and store in data memory 
— WRITA— Write data to program memory addressed by accumulator A 


For more information on these six new instructions and the two extended instructions, refer to the instruction 
set summary table in this data sheet and to the TMS320C54x DSP Reference Set, Volume 2, Mnemonic 
Instruction Set, literature number SPRU172. And for more information on extended program memory, refer to 
the TMS320C54x DSP Reference Set, Volume 1, CPU and Peripherals, literature number SPRU131. 


data memory 


The data memory space on the '54x device addresses contains up to 64K of 16-bit words. The ‘devices 
automatically access the on-chip RAM when addressing within its bounds. When an address is generated 
outside the RAM bounds, the device automatically generates an external access. 


The advantages of operating from on-chip memory are as follows: 


@ Higher performance because no wait states are required 

@ Higher performance because of better flow within the pipeline of the CALU 
@ Lower cost than external memory 

@ Lower power than external memory 


The advantage of operating from off-chip memory is the ability to access a larger address space. 
bootloader 


A bootloader is available in the standard ’54x on-chip ROM. This bootloader can be used to transfer user code 
from an external source to anywhere in the program memory at power up automatically. If MP/MC of the device 
is sampled low during a hardware reset, execution begins at location FF80h of the on-chip ROM. This location 
contains a branch instruction to the start of the bootloader program. The standard 54x devices provide different 
ways to download the code to accommodate various system requirements: 


@ Parallel from 8-bit or 16-bit-wide EPROM 

Parallel from I/O space 8-bit or 16-bit mode 

Serial boot from serial ports 8-bit or 16-bit mode 

Host-port interface boot ('542, 545, 548, and ’549 devices only) 


Warm boot 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 27 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


bootloader (continued) 


The bootloader provided in the on-chip ROM of the ‘548 and ’549 devices implements several enhanced 
features. These include the addition of BSP and TDM boot modes. To accommodate these new boot modes, 
the encoding of the boot-mode selection word has been modified. 


For a detailed description of bootloader functionality, refer to the TMS320C54x DSP Reference Set, Volume 4: 
Applications Guide (literature number SPRU173). For a detailed description of the enhanced bootloader 
functionality, refer to the TMS320x548/'549 Bootloader Technical Reference. 


on-chip peripherals 


All the 54x devices have the same CPU structure; however, they have different on-chip peripherals connected 
to their CPUs. The on-chip peripheral options provided are: 


@ Software-programmable wait-state generator 

Programmable bank switching 

Parallel 1/O ports 

Serial ports (standard, TDM, and BSP) 

A hardware timer 

® A clock generator [with a multiple phase-locked loop (PLL) on ’549 devices] 


software-programmable wait-state generators 


Software-programmable wait-state generators can be used to extend external bus cycles up to seven machine 
cycles to interface with slower off-chip memory and I/O devices. The software wait-state generators are 
incorporated without any external hardware. For off-chip memory access, a number of wait states can be 
specified for every 32K-word block of program and data memory space, and for one 64K-word block of I/O 
space within the software wait-state (SWWSR) register. 


programmable bank-switching 


Programmable bank-switching can be used to insert one cycle automatically when crossing memory-bank 
boundaries inside program memory or data memory space. One cycle can also be inserted when crossing from 
program-memory space to data-memory space (’54x) or one program memory page to another program 
memory page (’548 and ’549 only). This extra cycle allows memory devices to release the bus before other 
devices start driving the bus; thereby avoiding bus contention. The size of memory bank for the bank-switching 
is defined by the bank-switching control register (BSCR). 


parallel I/O ports 


Each ’54x device has a total of 64K I/O ports. These ports can be addressed by the PORTR instruction or the 
PORTW instruction. The IS signal indicates a read/write operation through an I/O port. The devices can 
interface easily with external devices through the I/O ports while requiring minimal off-chip address-decoding 
circuits. 


host-port interface (’542, 545, 548, and 549 only) 


The host-port interface (HPI) is an 8-bit parallel port used to interface a host processor to the DSP device. 
Information is exchanged between the DSP device and the host processor through on-chip memory that is 
accessible by both the host and the DSP device. The DSP devices have access to the HPI control (HPIC) 
register and the host can address the HPI memory through the HPI address register (HPIA). HPI memory is a 
2K-word DARAM block that resides at 1000h to 17FFh in data memory and can also be used as 
general-purpose on-chip data or program DARAM. 
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host-port interface (’542, 545, 548, and ’549 only) (continued) 


Data transfers of 16-bit words occur as two consecutive bytes with a dedicated pin (HBIL) indicating whether 
the high or low byte is being transmitted. Two control pins, HCNTL1 and HCNTLO, control host access to the 
HPIA, HPI data (with an optional automatic address increment), or the HPIC. The host can interrupt the DSP 
device by writing to HPIC. The DSP device can interrupt the host with a dedicated HINT pin that the host can 
acknowledge and clear. 


The HPI has two modes of operation, shared-access mode (SAM) and host-only mode (HOM). In SAM, the 
normal mode of operation, both the DSP device and the host can access HPI memory. In this mode, 
asynchronous host accesses are resynchronized internally and, in case of conflict, the host has access priority 
and the DSP device waits one cycle. The HOM capability allows the host to access HPI memory while the DSP 
device is in IDLE2 (all internal clocks stopped) or in reset mode. The host can therefore access the HPI RAM 
while the DSP device is in its optimal configuration in terms of power consumption. 


The HPI control register has two data strobes, HDS1 and HDS2, a read/write strobe HR/W, and an address 
strobe HAS, to enable a glueless interface to a variety of industry-standard host devices. The HPI is interfaced 
easily to hosts with multiplexed address/data bus, separate address and data buses, one data strobe and a 
read/write strobe, or two separate strobes for read and write. 


The HPI supports high-speed back-to-back accesses. 


@ Inthe SAM, the HPI can handle one byte every five DSP device periods—that is, 64 MBps with a 40-MIPS 
DSP, or 160 MBps with a 100-MIPS DSP. The HPI is designed so that the host can take advantage of this 
high bandwidth and run at frequencies up to (f x n) +5, where nis the number of host cycles for an external 
access and fis the DSP device frequency. 


@ |nHOM, the HPI supports high-speed back-to-back host accesses at 1 byte every 50 ns—that is, 160 MBps 
with a -40 or faster DSP. 


serial ports 


The ’54x devices provide high-speed full-duplex serial ports that allow direct interface to other ’54x devices, 
codecs, and other devices in a system. There is a standard serial port, a time-division-multiplexed (TDM) serial 
port, and a buffered serial port (BSP). The 549 devices provides a misalignment detection feature to that allows 
the device to detect when a word or words are lost in the serial data line. 


The general-purpose serial port utilizes two memory-mapped registers for data transfer: the data-transmit 
register (DXR) and the data-receive register (DRR). Both of these registers can be accessed in the same 
manner as any other memory location. The transmit and receive sections of the serial port each have associated 
clocks, frame-synchronization pulses, and serial-shift registers; and serial data can be transferred either in 
bytes or in 16-bit words. Serial port receive and transmit operations can generate their own maskable transmit 
and receive interrupts (XINT and RINT), allowing serial-port transfers to be managed through software. The 54x 
serial ports are double-buffered and fully static. 


The TDM port allows the device to communicate through time-division multiplexing with up to seven other 54x 
devices with TDM ports. Time-division multiplexing is the division of time intervals into a number of subintervals 
with each subinterval representing a prespecified communications channel. The TDM port serially transmits 
16-bit words on a single data line (TDAT) and destination addresses on a single address line (TADD). Each 
device can transmit data on a single channel and receive data from one or more of the eight channels, providing 
a simple and efficient interface for multiprocessing applications. A frame synchronization pulse occurs once 
every 128 clock cycles, corresponding to the transmission of one 16-bit word on each of the eight channels. Like 
the general-purpose serial port, the TDM port is double-buffered on both input and output data. 


The buffered serial port (BSP) consists of a full-duplex double-buffered serial-port interface and an 
auto-buffering unit (ABU). The serial port block of the BSP is an enhanced version of the standard serial port. 
The ABU allows the serial port to read/write directly to the 54x internal memory using a dedicated bus 
independent of the CPU. This results in minimal overhead for serial port transactions and faster data rates. 
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serial ports (continued) 


When auto-buffering capability is disabled (standard mode), serial port transfers are performed under software 
control through interrupts. In this mode, the ABU is transparent and the word-based interrupts (WXINT and 
WRINT) provided by the serial port are sent to the CPU as transmit interrupt (XINT) and receive interrupt 
(RINT). When auto buffering is enabled, word transfers are done directly between the serial port and the 54x 
internal memory using ABU-embedded address generators. 


The ABU has its own set of circular-addressing registers with corresponding address-generation units. Memory 
for the buffers resides in 2K words of the ’54x internal memory. The length and starting addresses of the buffers 
are user-programmable. A buffer-empty/buffer-full interrupt can be posted to the CPU. Buffering is easily halted 
by an auto-disabling capability. Auto-buffering capability can be enabled separately for transmit and receive 
sections. When auto buffering is disabled, operation is similar to that of the general-purpose serial port. 


The BSP allows transfer of 8-, 10-, 12-, or 16-bit data packets. In burst mode, data packets are directed by a 
frame synchronization pulse for every packet. In continuous mode, the frame synchronization pulse occurs 
when the data transmission is initiated and no further pulses occur. The frame and clock strobes are frequency- 
and polarity-programmable. The BSP is fully static and operates at arbitrarily low clock frequencies. The 
maximum operating frequency for 54x devices up to 50 MIPs is CLKOUT. For higher-speed ’54x devices, the 
maximum operating frequency is 50 MBps at 20 ns. 


buffer misalignment (BMINT) interrupt (549 only) 


The BMINT interrupt is generated when a frame sync occurs and the ABU transmit or receive buffer pointer is 
not at the top of the buffer address. This is useful for detecting several potential error conditions on the serial 
interface, including extraneous and missed clocks and frame sync pulses. A BMINT interrupt, therefore, 
indicates that one or more words may have been lost on the serial interface. 


BMINT is useful for detecting buffer misalignment only when the buffer pointer(s) are initially loaded with the 
top of buffer address, and a frame of data contains the same number of words as the buffer length. These are 
the only conditions under which a frame sync occurring at a buffer address, other than the top of buffer, constitute 
an error condition. In cases where these conditions are met, a frame sync always occurs when the buffer pointer 
is at the top of buffer address, if the interface is functioning properly. 


If BMINT is enabled under conditions other than those stated above, interrupts may be generated under 
circumstances other than actual buffer misalignment. In these cases, BMINT should generally be masked in 
the IMR register so that the processor will ignore this interrupt. 


BMINT is available when operating auto-buffering mode with continuous transfers, the FIG bit cleared to 0, and 
external serial clocks or frames. 


The BSPO and BSP1 BMINT bits in the IMR and IFR registers are bits 12 and 13, respectively, (bit 15is the MSB), 
and their interrupt vector locations are 070h and 074h, respectively. 
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serial ports (continued) 


Table 3 provides a comparison of the serial ports available in the 54x devices. 
Table 3. Serial Port Configurations for the 54x 
DEVICE NO. OF STANDARD NO. OF BSPs NO. OF TDM 
SERIAL PORTS (BSP ADDRESS RANGES) SERIAL PORTS 
TMS320C541 4 
TMS320LC541 
TMS320C542 


TMS320LC545 
TMS320LC546 
2 (0800h—-OFFFh 
TMS320LC549 2 (0800h—-OFFFh : 
TMS320VC549 and 1800h—1FFFh) 


hardware timer 


The ’54x devices feature a 16-bit timing circuit with a four-bit prescaler. The timer counter is decremented by 
one at every CLKOUT cycle. Each time the counter decrements to zero, atimer interrupt is generated. The timer 
can be stopped, restarted, reset, or disabled by specific status bits. 


clock generator 


The clock generator provides clocks to the 54x device, and consists of an internal oscillator and a phase-locked 
loop (PLL) circuit. The clock generator requires a reference clock input, which can be provided by using acrystal 
resonator with the internal oscillator, or from an external clock source. The reference clock input is then either 
divided by two (or by four on the 545A, 546A, ’548, and ’549) to generate clocks for the 54x device, or the PLL 
circuit can be used to generate the device clock by multiplying the reference clock frequency by a scale factor, 
allowing use of a clock source with a lower frequency than that of the CPU. 


The PLL is an adaptive circuit that, once synchronized, locks onto and tracks an input clock signal. When the 
PLL is initially started, it enters a transitional mode during which the PLL acquires lock with the input signal. Once 
the PLL is locked, it continues to track and maintain synchronization with the input signal. Then, other internal 
clock circuitry allows the synthesis of new clock frequencies for use as master clock for the ‘54x device. 


Two types of PLL are available: a hardware-programmable PLL and a software-programmable PLL. All 54x 
devices have the hardware-programmable PLL except the ‘545A, ’546A, ’548, and 549, which have the 
software-programmable PLL. On the hardware-programmable PLL, an external delay must be provided before 
the device is released from reset in order for the PLL to achieve lock. With the software-programmable PLL, 
a lock timer is provided to implement this delay automatically. Note that both the hardware- and the 
software-programmable PLLs require the device to be reset after power up to begin functioning properly. 


hardware-programmable PLL 


The ’54x can use either the internal oscillator or an external frequency source for an input clock. The clock 
generation mode is determined by the CLKMD1, CLKMD2 and CLKMD3 clock mode pins except on the 545A, 
the 546A, the 548, and the 549 (see software-programmable PLL description below). Table 4 outlines the 
selection of the clock mode by these pins. Note that both the hardware- and the software-programmable PLLs 
require the device to be reset after power up to begin functioning properly. 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 31 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 
hardware-programmable PLL (continued) 


Table 4. Clock Mode Configurations 


MODE-SELECT PINS CLOCK MODE 


CLKMD1 CLKMD2 CLKMD3 OPTION 1t OPTION 2t 


PLL x 3 with external source PLL x 5 with external source 


PLL x 2 with external source PLL x 4 with external source 


PLL x 3, internal oscillator enabled PLL x 5, internal oscillator enabled 


Divide-by-two with external source Divide-by-two with external source 


Stop modet Stop modet 


PLL x 1 with external source PLL x 1 with external source 


0 
0 
0 
0 PLL x 1.5 with external source PLL x 4.5 with external source 
1 
1 
1 
1 


0 
1 
1 
0 
0 
0 
1 
1 


Divide-by-two, internal oscillator enabled Divide-by-two, internal oscillator enabled 


i Option: Option 1 or option 2 is selected when ordering the device. 
t Stop mode: The function of the stop mode is equivalent to that of the power-down mode of IDLE3; however, the IDLE3 instruction is recommended 
rather than stop mode to realize full power saving, since IDLE3 stops clocks synchronously and can be exited with an interrupt. 


software-programmable PLL (545A, ’546A, ’548, and ’549) 


The software-programmable PLL features a high level of flexibility, and includes a clock scaler that provides 
various clock multiplier ratios, capability to directly enable and disable the PLL, and a PLL lock timer that can 
be used to delay switching to PLL clocking mode of the device until lock is achieved. 


Devices that have a built-in software-programmable PLL can be configured in one of two clock modes: 


@ PLL mode. The input clock (X2/CLKIN) is multiplied by 1 of 31 possible ratios. These ratios are achieved 
using the PLL circuitry. 


@ DIV (divider) mode. The input clock is divided by 2 or 4. Note that when DIV mode is used, the PLL can be 
completely disabled in order to minimize power dissipation. 


The software-programmable PLL is controlled using the 16-bit memory-mapped (address 0058h) clock mode 
register (CLKMD). The CLKMD register is used to define the clock configuration of the PLL clock module. The 
CLKMD register fields are shown in Figure 7 and described below. Note that upon reset, the CLKMD register 
is initialized with a predetermined value dependent only upon the state of the CLKMD1 — CLKMD3 pins (see 


Table 6). 
Bit # 15-12 10-3 
PLLMUL PLLDIV PLLCOUNT PLLON/OFF PLLNDIV PLLSTATUS 


Riwt R/wt R/wt R/wt R/W 
R = read, W = write 
t When in DIV mode (PLLSTATUS is low), PLLMUL, PLLDIV, PLLCOUNT, and PLLON/OFF are don’t cares, and their contents are 
indeterminate. 


Figure 7. Clock Mode Control Register (CLKMD) 
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software-programmable PLL (’545A, 546A, ’548, and ’549) (continued) 
Bits 15-12 PLLMUL. PLL multiplier. Defines the frequency multiplier in conjunction with PLLDIV and 


Bit 11 


Bits 10-3 


Bit 2 


Bit 1 


Bit 0 


PLLNDIV, as shown in Table 5. 


PLLDIV. PLL divider. Defines the frequency multiplier in conjunction with PLLMUL and PLLNDIV, 
as shown in Table 5. 


0 = an integer multiply factor is used. 
1 =anon-integer multiply factor is used. 


PLLCOUNT. PLL counter value. Specifies the number of input clock cycles (in increments of 
16 cycles) for the PLL lock timer to count before the PLL begins clocking the processor after the 
PLL is started. The PLL counter is a down-counter, which is driven by the input clock divided 
by 16; therefore, for every 16 input clocks, the PLL counter decrements by one. 


The PLL counter can be used to ensure that the processor is not clocked until the PLL is locked, 
so that only valid clock signals are sent to the device. 


PLLON/OFF. PLL on/off. Enables or disables the PLL part of the clock generator in conjunction 
with the PLLNDIV bit. Note that PLLON/OFF and PLLNDIV can both force the PLL to run; when 
PLLON/OFF is high, the PLL runs independently of the state of PLLNDIV. 


PLLON/OFF PLLNDIV PLL STATE 


PLLNDIV. PLL clock generator select. Determines whether the clock generator works in PLL 
mode or in divider (DIV) mode, thereby defining the frequency multiplier in conjunction with 
PLLMUL and PLLDIV. 


0 = Divider mode is used 

1 = PLL mode is used 

PLLSTATUS. PLL status. Indicates the mode in which the clock generator is operating. 
0 = DIV mode 

1 = PLL mode 


Table 5. PLL Multiplier Ratio as a Function of PLLNDIV, PLLDIV, and PLLMUL 


PLLNDIV PLLDIV PLLMUL MULTIPLIERT 
CS OS 
eS 


t CLKOUT = CLKIN x multiplier 
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software-programmable PLL (’545A, 546A, ‘548, and 549) (continued) 


Immediately following reset, the clock mode is determined by the values of the three external pins: CLKMD1, 
CLKMD2, and CLKMD3. The modes corresponding to the CLKMD pins are shown in Table 6. 


Table 6. Clock Mode Settings at Reset 


CLKMD REGISTER 
CLKMD1 CLKMD2 CLKMD3 RESET VALUE CLOCK MODE 


0000h Divide-by-two, with external source 


000 |i yo, tea oscar enabled 
0 [0000 ivi with enteral source 
000 | iy, itera oto enabled 
00m x itera source 
a ee a ea eR] TE 


t Reserved mode (549 only). Do not use in normal operation. 


Following reset, the software-programmable PLL can be programmed to any configuration desired, as 
described above. Note that when the PLL x 1 with external source option (CLKMD[1—3]=101) is selected during 
reset, the internal PLL lock-count timer is not active; therefore, the system must delay releasing reset in order 
to allow for the PLL lock-time delay. Also, note that both the hardware- and the software-programmable PLLs 
require the device to be reset after power up to begin functioning properly. 


programming considerations when using the software-programmable PLL 


The software-programmable PLL offers many different options in startup configurations, operating modes, and 
power-saving features. Programming considerations and several software examples are presented here to 
illustrate the proper use of the software-programmable PLL at start-up, when switching between different 
clocking modes, and before and after IDLE1/IDLE2/IDLE3 instruction execution. 


use of the PLLCOUNT programmable lock timer 
During the lockup period, the PLL should not be used to clock the 54x. The PLLCOUNT programmable lock 


timer provides a convenient method of automatically delaying clocking of the device by the PLL until lock is 
achieved. 


The PLL lock timer is a counter, loaded from the PLLCOUNT field in the CLKMD register, that decrements from 
its preset value to 0. The timer can be preset to any value from 0 to 255, and its input clock is CLKIN divided 
by 16. The resulting lockup delay can therefore be set from 0 to 255 x 16 CLKIN cycles. 


The lock timer is activated when the clock generator operating mode is switched from DIV to PLL (see the 
section describing switching from DIV mode to PLL mode). During the lockup period, the clock generator 
continues to operate in DIV mode; after the PLL lock timer has decremented to zero, the PLL begins clocking 
the ’54x. 


Accordingly, the value loaded into PLLCOUNT is chosen based on the following relationship: 
PLLCOUNT > Lockup Time / (16 XtcLKin) 


where tcLkin is the input reference clock period and lockup time is the required PLL lockup time as shown in 
Figure 8. 
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use of the PLLCOUNT programmable lock timer (continued) 
60 
55 
50 
45 
40 
35 
30 


Lockup Time (us) 


25 10 20 30 40 50 60 70 80 100 
CLKOUT Frequency (MHz) 
Figure 8. PLL Lockup Time Versus CLKOUT Frequency 


switching from DIV mode to PLL mode 


Several circumstances may require switching from DIV mode to PLL mode; however, note that if the PLL is not 
locked when switching from DIV mode to PLL mode, the PLL lockup time delay must be observed before the 
mode switch occurs to ensure that only proper clock signals are sent to the device. It is, therefore, important 
to know whether or not the PLL is locked when switching operating modes. 


The PLL is unlocked on power-up, after changing the PLLMUL or PLLDIV values, after turning off the PLL 
(PLLON/OFF = 0), or after loss of input reference clock. Once locked, the PLL remains locked even in DIV mode 
as long as the PLL had been previously locked and has not been turned off (PLLON/OFF stays 1), and the 
PLLMUL and PLLDIV values have not been changed since the PLL was locked. 


Switching from DIV mode to PLL mode (setting PLLNDIV to 1) activates the PLLCOUNT programmable lock 
timer (when PLLCOUNT is preloaded with a non-zero value), and this can be used to provide a convenient 
method for implementing the lockup time delay. The PLLCOUNT lock timer feature should be used in the 
situations described above, where the PLL is unlocked unless a reset delay is used to implement the lockup 
delay, or the PLL is not used. 


Switching from DIV mode to PLL mode is accomplished by loading the CLKMD register. The following procedure 
describes switching from DIV mode to PLL mode when the PLL is not locked. When performing this mode switch 
with the PLL already locked, the effect is the same as when switching from PLL to DIV mode, but in the reverse 
order. In this case, the delays of when the new clock mode takes effect are the same. 


When switching from DIV to PLL mode with the PLL unlocked, or when the mode change will result in unlocked 
operation, the PLLMUL[3—0], PLLDIV, and PLLNDIV bits are set to select the desired frequency multiplier as 
described in Table 5, and the PLLCOUNT[7-0] bits are set to select the required lockup time delay. Note that 
PLLMUL, PLLDIV, PLLCOUNT, and PLLON/OFF can only be modified when in DIV mode. 
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switching from DIV mode to PLL mode (continued) 


Once the PLLNDIV bit is set, the PLLCOUNT timer begins being decremented from its preset value. When the 
PLLCOUNT timer reaches zero, the switch to PLL mode takes effect after six CLKIN cycles plus 3.5 PLL cycles 
(CLKOUT frequency). When the switch to PLL mode is completed, the PLLSTATUS bit in the CLKMD register 
is read as 1. Note that during the PLL lockup period, the ’54x continues operating in DIV mode. 


The following software example shows an instruction that can be used to switch from DIV mode to PLL x 3, 
with a CLKIN frequency of 18 MHz and PLLCOUNT = 41 (decimal). 


STM #0010000101001111b, CLKMD 


switching clock mode from PLL to DIV 


When switching from PLL mode to DIV mode, the PLLCOUNT delay does not occur, and the switch between 
the two modes takes place after a short transition delay. 


The switch from PLL mode to DIV mode is also accomplished by loading the CLKMD register. The PLLNDIV 
bit is set to 0, selecting DIV mode, and the PLLMUL bits are set to select the desired frequency multiplier as 
shown in Table 5. 


The switch to DIV mode takes effect in 6 CLKIN cycles plus 3.5 PLL cycles (CLKOUT frequency) for all PLLMUL 
values except 1111b. With a PLLMUL value of 1111b, the switch to DIV mode takes effect in 12 CLKIN cycles 
plus 3.5 PLL cycles (CLKOUT frequency). When the switch to DIV mode is completed, the PLLSTATUS bit in 
the CLKMD register is read as 0. 


The following software example shows a code sequence that can be used to switch from PLL x 3 to 
divide-by-two mode. Note that the PLLSTATUS bitis polled to determine when the switch to DIV mode has taken 
effect, and then the STM instruction is used to turn off the PLL at this point. 


STM #0b, CLKMD ‘switch to DIV mode 
TstStatu: LDM CLKMD, A 
AND #01b, A ;poll STATUS bit 
BC TstStatu, ANEQ 
STM #0b, CLKMD ‘reset PLLON_OFF when STATUS 
sis DIV mode 


switching mode from one PLL multiplier to another 


When switching from one PLL multiplier ratio to another is required, the clock generator must be switched from 
PLL mode to DIV mode before selecting the new multiplier ratio; switching directly from one PLL multiplier ratio 
to another is not supported. 


In order to switch from one PLL multiplier ratio to another, the following steps must be followed: 
1. Set the PLLNDIV bit to 0, selecting DIV mode. 


2. Pollthe PLLSTATUS bit until a 0 is obtained, indicating that DIV mode is enabled and that PLLMUL, PLLDIV, 
and PLLCOUNT can be updated. 


3. Modify the CLKMD register to set the PLLMUL[3-—0], PLLDIV, and PLLNDIV bits to the desired frequency 
multiplier as defined in Table 5, and the PLLCOUNT{[7-0] bits to the required lock-up time. 


When the PLLNDIV bit is set to one in step three, the PLLCOUNT timer begins decrementing from its preset 
value. Once the PLLCOUNT timer reaches zero, the new PLL mode takes effect after six CLKIN cycles plus 
3.5 PLL cycles (CLKOUT frequency). 


36 


sa TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 © HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


switching mode from one PLL multiplier to another (continued) 


Also, note that a direct switch between divide-by-two mode and divide-by-four mode is not possible. To switch 
between these two modes, the clock generator must first be set to PLL mode with an integer-only 
(non-fractional) multiplier ratio, and then set back to DIV mode in the desired divider configuration (see previous 
sections for details on switching between DIV and PLL modes). 


The following software example shows a code sequence that can be used to switch clock mode from PLL x X 


to PLL x 1. 

STM #0b, CLKMD switch to DIV mode 
TstStatu: LDM CLKMD, A 

AND #01b, A ;poll STATUS bit 

BC TstStatu, ANEQ 

STM #0000001111101111b, CLKMD ‘switch to PLL x 1 mode 


programmable clock generator operation immediately following reset 


Immediately following reset, the operating mode of the clock generator is determined only on the basis of the 
CLKMD1/2/3 pin state as described in Table 6. All but two of these operating modes are ‘divide-by-two with 
external source’. Switching from divide-by-two to a PLL mode can easily be accomplished by changing the 
CLKMD register contents. Note that if use of the internal oscillator is desired, either the 100 or the 111 state of 
the CLKMD1—CLKMD3 pins must be selected at reset (as shown in Table 6) since the internal oscillator cannot 
be programmed through software. 


The following software example shows an instruction that can be used to switch from divide-by-two mode to 
the PLL x 3 mode. 


STM #0010000101001111b, CLKMD 


considerations when using IDLE1/IDLE2IDLE3 


When using one of the IDLE instructions to reduce power requirements, proper management of the PLL is 
important. The clock generator consumes the least power when operating in DIV mode with the PLL disabled. 
Therefore, if power dissipation is a significant consideration, it is desirable to switch from PLL to DIV mode, and 
disable the PLL, before executing the IDLE1/IDLE2/IDLE3 instructions. This is accomplished as explained 
above in the section describing switching clock mode from PLL to DIV. After waking up from 
IDLE1/IDLE2/IDLES, the clock generator can be reprogrammed to PLL mode as explained above in the section 
describing switching clock mode from DIV to PLL. 


Note that when the PLL is stopped during an IDLE state, and the ’54x device is restarted and the clock generator 
is switched back to PLL mode, the PLL lockup delay occurs in the same manner as in a normal device startup. 
Therefore, in this case, the lockup delay must also be accounted for, either externally or by using the PLL lockup 
counter timer. 


The following software example illustrates a code sequence that switches the clock generator from PLL x 3 
mode to divide-by-two mode, turns off the PLL, and enters IDLE3. After waking up from IDLES, the clock 
generator is switched back from DIV mode to PLL x 3 mode using a single STM instruction, with a PLLCOUNT 
of 64 (decimal) used for the lock timer value. 
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considerations when using IDLE1/IDLE2/DLE3 (continued) 


STM #0b, CLKMD switch to DIV mode 
TstStatu: LDM CLKMD, A 
AND #01b, A spoll STATUS bit 
BC TstStatu, ANEQ 
STM #0b, CLKMD sreset PLLON_OFF when STATUS 
sis DIV mode 
IDLE3 


(After IDLE3 wake-up — switch the PLL from DIV mode to PLL x 3 mode) 


STM #0010001000000111b, CLKMD ;PLLCOUNT = 64 (decimal) 


PLL considerations when using the bootloader 


The ROM on the 545A and ’546A contains a bootloader program that can be used to load programs into RAM 
for execution following reset. When using this bootloader with the software-programmable PLL, several 
considerations are important for proper system operation. 


On the 545A and 546A, for compatibility, the bootloader configures the PLL to the same mode as would have 
resulted if the same CLKMD1-3 input bits had been provided to the option-1 or option-2 
hardware-programmable PLL (see Table 4), according to whether the ‘545A or ’546A is an option-1 or option-2 
device. Once the bootloader program has finished executing, and control is transferred to the user’s program, 
the PLL can be reprogrammed to any desired configuration. 
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memory-mapped registers 


Most ’54x devices have 26 (except 548 and ’549 have 27) memory-mapped CPU registers, which are mapped 
into data memory located at addresses Oh to 1Fh. Each of these devices also has a set of memory-mapped 
registers associated with peripherals. Table 7 gives a list of CPU memory-mapped registers (MMR) common 
to all ’54x devices. Table 8 shows additional peripheral MMRs associated with the 541 devices, Table 9 shows 
those associated with the 545/546 devices, Table 10 shows those associated with the 542/543 devices, and 
Table 11 shows those associated with the ’548/'549 devices. 


Table 7. Core Processor Memory-Mapped Registers 


ADDRESS 

wa | 0 | 0 | ntoruptmaskregiser SSCS” 
[| 25 | 25 |Resewedtortestng ——SSSSCSCSC~*d 
sr [6 | 6 _|Stausregistor0 SSCS 
Af 8 | 8 | Accumulator Alow wor (15-0) 
an [| 2 | 2 [Accumulator Anigh wo it) 
ef | 8 | Accumulator Blow wor 5-0) iS 
ec [| 13 | [Accumulator Bguarabis(ae-s2) = 
Processor mode status (PMST) register 

= Tt Tt Reseed 
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memory-mapped registers (continued) 


40 


Table 8. Peripheral Memory-Mapped Registers (541 Only) 


[pec] HEX | DESCRIPTION 
a OG 
feao—i|_a7_| 25 [Timer period register 
a OG 
id eR [Resend 
sien 
fas |e [Resoned 
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memory-mapped registers (continued) 


Table 9. Peripheral Memory-Mapped Registers (’545 and ’546 Only)t 


ADDRESS 


DEC 


20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
Cc 
0 
1 
2 
8 
9 
A 
B 


2A — 2B 
2 
2D — 2F 


3 

3 

3 
33 — 37 

3 

3 

3 


> 
Dv 


ive] ive) 
A a 
Di} D|x< 


3 
T BSP = Buffered serial port 
ABU = Auto-buffering unit 
t Host-port interface (HPI) on ’LC545 only 
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memory-mapped registers (continued) 


Table 10. Peripheral Memory-Mapped Registers (’542 and ’543 Only)t 


DESCRIPTION 


T BSP = Buffered serial port 
TDM = Time-division multiplexed 
ABU = Auto-buffering unit 

+ Host-port interface (HP!) on ’542 only 
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memory-mapped registers (continued) 


Table 11. Peripheral Memory-Mapped Registers (548 and ’549 Only)t 


er 
DEC 


BDRRO 32 BSP 0 data-receive register 
BDXRO 33 BSP 0 data-transmit register 
BSPCO 34 BSP 0 control register 
BSPCEO 2 BSP 0 control extension register 
TIM 24 Timer count register 
25 Timer period register 
TCR 26 Timer control register 
27 Reserved 
SWWSR 2 External interface software wait-state register 
BSCR 2 External interface bank-switching control register 
2A Reserved 
2B Reserved 
HPIC 2C HPI control register 
2D-—2F Reserved 
TRCV 30 TDM port data-receive register 
TDXR 31 TDM port data-transmit register 
TSPC 32 TDM serial port control register 
TCSR 33 TDM channel-select register 
TRIA 34 TDM receive/transmit register 
TRAD 35 TDM receive/address register 
36-37 Reserved 
AXRO 38 ABU 0 transmit-address register 
BKXO 39 ABU 0 transmit-buffer-size register 
ARRO 3A ABU 0 receive-address register 
BKRO 3B ABU 0 receive-buffer-size register 
AXR1 3C ABU 1 transmit-address register 
BKX1 3D ABU 1 transmit-buffer-size register 
ARR1 3E ABU 1 receive-address register 
BKR1 3F ABU 1 receive-buffer-size register 
BDRR1 40 BSP 1 data-receive register 
BDXR1 41 BSP 1 data-transmit register 
BSPC1 42 BSP 1 control register 
BSPCE1 67 43 BSP 1 control extension register 
68-87 44-57 Reserved 
CLKMD 88 58 Clock mode register 


89-95 59-5F 


T BSP = Buffered serial port 
ABU = Auto-buffering unit 
HPI = Host-port interface 
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status registers (STO, ST1) 


The status registers, STO and ST1, contain the status of the various conditions and modes for the 54x devices. 
STO contains the flags (OV, C, and TC) produced by arithmetic operations and bit manipulations in addition to 
the data page pointer (DP) and the auxiliary register pointer (ARP) fields. ST1 contains the various modes and 
instructions that the processor operates on and executes. 


accumulators (AL, AH, AG, and BL, BH, BG) 


The 54x devices have two 40-bit accumulators: accumulator A and accumulator B. Each accumulator is 
memory-mapped and partitioned into accumulator low-word (AL, BL), accumulator high-word (AH, BH), and 
accumulator guard bits (AG, BG). 


39 32 31 16 15 0 
AG (BG) AH (BH) AL (BL) 


auxiliary registers (ARO—AR7) 


The eight 16-bit auxiliary registers (ARO—AR7) can be accessed by the CALU and modified by the auxiliary 
register arithmetic units (ARAUs). The primary function of the auxiliary registers is generating 16-bit addresses 
for data space. However, these registers also can act as general-purpose registers or counters. 


temporary register (TREG) 


The TREG is used to hold one of the multiplicands for multiply and multiply /accumulate instructions. It can hold 
a dynamic (execution-time programmable) shift count for instructions with shift operation such as ADD, LD, and 
SUB instructions. It also can hold a dynamic bit address for the BITT instruction. The EXP instruction stores the 
exponent value computed into the TREG, while the NORM instruction uses the TREG value to normalize the 
number. For ACS operation of Viterbi decoding, TREG holds branch metrics used by the DADST and DSADT 
instructions. 


transition register (TRN) 


The TRN is a 16-bit register that is used to hold the transition decision for the path to new metrics to perform 
the Viterbi algorithm. The CMPS (compare, select, max, and store) instruction updates the contents of the TRN 
based on the comparison between the accumulator high word and the accumulator low word. 


stack-pointer register (SP) 


The SP is a 16-bit register that contains the address at the top of the system. The SP always points to the last 
element pushed onto the stack. The stack is manipulated by interrupts, traps, calls, returns, and the PUSHD, 
PSHM, POPD, and POPM instructions. Pushes and pops of the stack predecrement and postincrement, 
respectively, all 16 bits of the SP. 


circular-buffer-size register (BK) 
The 16-bit BK is used by the ARAUs in circular addressing to specify the data block size. 
block repeat registers (BRC, RSA, REA) 


The block-repeat counter (BRC) is a 16-bit register used to specify the number of times a block of code is to 
be repeated when performing a block repeat. The block-repeat start address (RSA) is a 16-bit register 
containing the starting address of the block of program memory to be repeated when operating in the repeat 
mode. The 16-bit block repeat-end address (REA) contains the ending address if the block of program memory 
is to be repeated when operating in the repeat mode. 


interrupt registers (IMR, IFR) 


The interrupt-mask register (IMR) is used to mask off specific interrupts individually at required times. The 
interrupt-flag register (IFR) indicates the current status of the interrupts. 
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processor-mode status register (PMST) 


The processor-mode status register (PMST) controls memory configurations of the 54x devices. 


interrupts 


Vector-relative locations and priorities for all internal and external interrupts are shown in Table 12. 


Table 12. 54x Interrupt Locations and Priorities 


ae ae 
: 


Sowa SSSSC~sSCSdT So 
fsnr7—SSSSC~d Sd 
i 
i 
: 
0 
4 
6 


3 LS 
SINT2S a 
fo - Software interrupt #28 


SINT29 56 
72 
: 7 
8 


- Software interrupt #29 


Software interrupt #30 


4 3 
4 


5 


External user interrupt #0 

External user interrupt #1 

TINT, SINT3 External timer interrupt 

BRINTO, SINT4 


7 


4 
rawr swrs——SS—«dC 
rawr swt? «dCi 


BSP #0 transmit interruptt 
INT3, SINT8 


BXINTO, SINT5 


1 
2 
2 
2 
3 
3 
3 
4 

4 

4 External user interrupt #2 

5 

5 

5 , 


TDM receive interruptt 


1 
1 


HINT, SINT9 100 


TDM transmit interruptt 
External user interrupt #3 
BRINT1, SINT10 104 i 


3 | 

12 

E 
: rir (S48 on 


BMINT1, SINT13 116 BSP #1 misalignment detection interrupt (’549 only 
J —“‘;i‘“C;C™*S*SC*d:«Cto=tz7_— | 7e-7F8 | - [Reseed ——“‘CSC*;*C*sS 


t On ’541 devices, these interrupt locations are serial port 0 interrupts (RINTO/XINTO). 

+ On ’541, '545, and '546 devices, these interrupt locations are serial port 1 interrupts (RINT1/XINT1). 

§ On’541,’543, and’546 devices, interrupt locations 64h — 7Fh are reserved. On’542 and’545 devices, interrupt locations 68h — 7Fh are reserved. 
On ’548 devices, interrupt locations 70h — 7Fh are reserved. 


EX 
4 
Cc 

10 

14 

18 
Cc 
0 
4 
8 
Cc 
0 
4 
8 
C 
0 
4 
8 
C 
0 
4 
8 
Cc 

4§ 
38§ 
c§ 
o§ 
4§ 


0 
2 
3 
4 
5 
6 
6 
6 

7 
7 
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interrupts (continued) 
The IFR and IMR registers are laid out as shown in Figure 9. 


15-14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Figure 9. IFR and IMR Registers 


instruction set summary 


This section summarizes the syntax used by the mnemonic assembler and the associated instruction set 
opcodes for the 54x DSP devices (see Table 13). For detailed information on instruction operation, see the 
TMS320C54x DSP Reference Set, Volume 2: Mnemonic Instruction Set (literature number SPRU172); and for 
detailed information on the algebraic assembler, see the TMS320C54x DSP Reference Set, Volume 3: 
Algebraic Instruction Set (literature number SPRU179). 


vy TEXAS 
INSTRUMENTS 


46 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


instruction set summary (continued) 


Table 13. 54x Instruction Set Opcodes 


WORDS/ OPCODE 


ARITHMETIC INSTRUCTIONS 


|ADD Smem,TS, src —_| Add (shifted by TREGI5:0]) operand to ACC 0000 010S IAAA  AAAA 


0110 1111 IAAA = AAAA 
ADD Smem|, SHIFT], src [, dst] Add shifted operand to ACC (2-word opcode 0000 11SD 0008 HIFT 


i /2 
ADD #ik, 16, src[, dst] 1111 00SD 0110 0000 
FADD src, SHIFTI,[, dst] ___—_| Add ACC(s) (A/B), then shift result 1111 O1SD  000S_—_HIFT 
}ADD src, ASM[, dst) ————« | Add ACC(s) (A/B), then shiftresultbyASMvalue] 1/1 | 1111 01SD 1000 0000 


Multi 
MAC #ik, src[, dst] Multiply TREG by long-immediate, add to ACC 1111 OOSD 0110 0111 
MAC Smen,, #Ik, src [, dst Multiply by long-immediate value, add to ACC 0110 O1SD JIAAA- AAAA 
ult ia 
ult 


T Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{1 Condition false 


DSUBT Lmem, dst Double/dual, subtract/subtract of T, long operand 0101 110D IAAA = AAAA 


, Ast] 
MAC[R] Xmem, Ymem, src[, dst] | Multiply dual, add to ACC, round if specified 1011 ORSD XXXX _YYYY 
_ src, dst] 2 
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instruction set summary (continued) 


Table 13. ’54x Instruction Set Opcodes (Continued) 


WORDS/ OPCODE 
MNEMONIC SYNTAX DESCRIPTION CYCLEst 


Shift operand, then subtract from ACC 0110 1111 IAAA AAAA 
Sue ere aie Peeler (2-word opcode) 0000 11SD 001S  HIFT 


Tt Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{1 Condition false 
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instruction set summary (continued) 


Table 13. ’54x Instruction Set Opcodes (Continued) 


WORDS/ OPCODE 
MNEMONIC SYNTAX DESCRIPTION cycLest 


CONTROL INSTRUCTIONS 


|BID] pmad =—=——=SX[ Branch unconditionally with optional delay 1111 00ZO 0111 ~— 0011 
BANZ[D] pmad, Sind Branch on AR(ARP) not zero, optional delay 0110 11Z0 IAAA  AAAA 
BC[D] pmad, cond|, cond|, cond ]] 1111 10Z0 CCCC CCCC 


FBACC[D] src Far branch to address in ACC, optional delay 1/6,4¢ 1111. 01ZS = 1110 0110 
FCALAID] src Far call to address in ACC, optional delay 1/6,4+ 1111. 01ZS = 1110 0111 
FCALL[D] extomad Far call unconditionally, optional delay 2/4,2+ 1111 10Z1  1KKK KKKK 


] 
FRAME K Stack pointer immediate offset 1110. 1110 KKKK KKKK 
] 


IDLE K Idle until interrupt 1111 O1NN 1110 0001 
INTR K Software interrupt 1111. 0111. 110K ~~ KKKK 


POPD Smem Pop top of stack to data memory 1000 = 1011 IAAA AAAA 


FRET[D] Far return (FRETD is for delayed return) 1/6,4¢ 1111 01Z0 1110 0100 
POPM MMR Pop top of stack to memory-mapped register 1000 1010 IAAA = AAAA 


CCID] pmad, cond[, cond[, cond]] | Call conditionally, optional delay 2/58,31,3t | 1111. 10Z1 CCCC CCCcC 
FB[D] extpmad Far branch unconditionally (optional delay) 2/4,2+ 1111 10Z0 1KKK KKKK 


RC[D] cond [, cond[, cond]] Return conditionally, optional delay 1/58,39:3$ | 11141 11Z0 CCCC CCCC 


MAR Smem Modify auxiliary register 0110 1101. IAAA  AAAA 
RESET Software reset 11110111 11100000 


RETF[D] Return fast and enable interrupts, optional delay 1 /3,14 1111 01Z0 1001 1011 
RPT Smem Repeat next instruction, count is in operand 0100 = O111 IAAA = AAAA 
RPT #K Repeat next instruction, count is short immediate 1110 1100 KKKK —KKKK 


FRETE[D Far return, enable interrupts, optional delay 1/6,4¢ 1111 01Z0 1110 0101 
RPT #ik Repeat next instruction, count is long immediate 1111 0000 0111 0000 


: 
RET[D] Return, optional delay 1/5,3¢ 1111 11Z0 0000 0000 
RETE[D] Return and enable interrupts, optional delay 1/5,3¢ 1111 01Z0 1110 1011 


IXC n, cond[, cond[,cond]] _| Execute conditionally 1111 11N1._ CCCC CCCC 


T Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{| Condition false 


PSHD Smem Push data-memory value onto stack 0100 1011 IAAA AAAA 


PSHM MMR Push memory-mapped register onto stack 0100 1010 IAAA = AAAA 
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instruction set summary (continued) 


Table 13. ’54x Instruction Set Opcodes (Continued) 


WORDS/ OPCODE 
MNEMONIC SYNTAX DESCRIPTION CYCLEst 


1/0 INSTRUCTIONS 


toners sC—“‘“S*SCS™C~*S 


os coe 


LD Xmem, dst : 
|| MAC[R] Ymem |, dst_] Parallel load, multiply /accumulate [round] 1010 10RD XXXX YYYY 
LD Xmem, dst . 
|| MAS[R] Ymem|, dst_] Parallel load, multiply / subtract [round] 1010 11RD XXXX YYYY 


Tt Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{| Condition false 
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instruction set summary (continued) 


Table 13. ’54x Instruction Set Opcodes (Continued) 


WORDS/ OPCODE 
MNEMONIC SYNTAX DESCRIPTION cycLest 


LOAD/STORE INSTRUCTIONS (CONTINUED) 


STH src, ASM, Smem Shift ACC high by ASM, store to data memory 1000 0115S IAAA AAAA 
STH src, SHFT, Xmem Shift ACC high, then store to data memory 1001 101S XXXX  SHFT 


STH src[, SHIFT], Smem Shift ACC high, then store to data memory 0110 1111 IAAA = AAAA 
2-word opcode) 


0000 8110S 0011S  HIFT 


1100 OOSD XXXX YYYY 


T Yi 
en eee Hei Store ACC with parallel add 
T Yi 
een a Store ACC with parallel load into accumulator 


1100 10SD XXXX YYYY 


1101 ORSD XXXX YYYY 


T Yi 

TuAGHT oan dsi Parallel store and multiply ACC [round] 
T Yi ; 

ae det Parallel store, multiply, and subtract 


1101 1RSD XXXX YYYY 


1100 11SD XXXX YYYY 


T . 
eee Store ACC with parallel load into TREG ae 1110 01S0 XXXX YYYY 


2/2 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 
1/1 

/2 

/2 


ST src, Ymem : 
|| MPY Xmem, dst Parallel store and multiply 


T Yi 
Te ee dst Parallel store and subtract pa | 1100 O1SD  XXXX YYYY 


STL src, Smem Store ACC low to data memory 1000 O00S IAAA = AAAA 
STL src, ASM, Smem Shift ACC low by ASM, store to data memory 1000 010S IAAA = AAAA 
STL src, SHFT, Xmem Shift ACC low, then store to data memory 1001 100S XXXX — SHFT 

Shift ACC low, then store to data memory 0110 1111 IAAA  AAAA 
Sik Seloniel | amen (2-word opcode) 0000 110S 100S  HIFT 
STLM src, MMR Store ACC low to MMR 1000 100S IAAA AAAA 


STM #/k, MMR Store long-immediate to MMR 0111 0111 IAAA AAAA 
STRCD Xmem, cond Store TREG conditionally 1001 1100 | XXXX COND 


AND Smem, src 0001 100S IAAA AAAA 
AND #/k[, SHFT], src[, dst] | Shift long-immediate operand, AND with ACC | 2/2 | 1111 0OSD_—0011~— SHFT 
AND #ik, 16, src[, dst] | Shift long-immediate 16 bits, ANDwithACC | 2/2 =| 1111 00SD 0110 oot 
AND src[, SHIFT], [, dst] 1111. 00SD 100S  HIFT 


BIT Xmem, BITC 1001 0110 XXXX BITC 
BITF Smem, #ik Test bit field specified by immediate value | ~—-2/2,——s| 0110 —-0001._—S—« [AAAs AAAA 
BITT Smem 0011 0100 IAAA AAAA 
CMPL src |, dst] 1111 O1SD 1001 0011 
CMPM Smem, #lk 0110 0000 JIAAA AAAA 
CMPR CC, ARx 1111 O1CC 1010 1ARX 
OR Smem, src 0001 101S IAAA  AAAA 


T Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{1 Condition false 


2/2 
2/2 

ANDM #/k, Smem AND memory with long-immediate operand 0110 1000 JIAAA AAAA 
2/2 
/2 
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instruction set summary (continued) 


Table 13. ’54x Instruction Set Opcodes (Continued) 


WORDS/ OPCODE 
MNEMONIC SYNTAX DESCRIPTION cYCLest 


SFTL src, SHIFT, dst] 1111 OOSD 1111S HIFT 
O11 1111 AAA AAAA 


t Values for words and cycles assume the use of DARAM for data. Add one word and one cycle when using long-offset indirect addressing or 
absolute addressing with a single data-memory operand. 

+ Delayed Instruction 

§ Condition true 

{| Condition false 
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development support 


Texas Instruments offers an extensive line of development tools for the 54x generation of DSPs, including tools 
to evaluate the performance of the processors, generate code, develop algorithm implementations, and fully 
integrate and debug software and hardware modules. 


The following products support development of ’54x-based applications: 


Software Development Tools: 
Assembler/Linker 

Simulator 

Optimizing ANSI C compiler 
Application algorithms 

C/Assembly debugger and code profiler 


Hardware Development Tools: 

Extended development system (XDS™) emulator (Supports 54x multiprocessor system debug) 
’*B4x EVM (Evaluation Module) 

’*54x DSK (DSP Starter Kit) 


The TMS320 Family Development Support Reference Guide (SPRU011) contains information about 
development support products for all TMS320 family member devices, including documentation. Refer to this 
document for further information about TMS320 documentation or any other TMS320 support products from 
Texas Instruments. There is an additional document, the TMS320 Third Party Support Reference Guide 
(SPRU052), which contains information about TMS320-related products from other companies in the industry. 
To receive copies of TMS320 literature, contact the Literature Response Center at 800/477-8924. 


See Table 14 for complete listings of development support tools for the ’54x. For information on pricing and 
availability, contact the nearest TI field sales office or authorized distributor. 


Table 14. Development Support Tools 


DEVELOPMENT TOOL PLATFORM PART NUMBER 


CT OOSCSSSSCSCSC*SS wake CSCSC“C~s—“‘“‘*s*s*s*S*S*~*~* 


T Includes XDS510 board and JTAG emulation cable; TMDS32401L0 C-source debugger conversion software not included 
¥ Includes XDS510WS box, SCSI cable, power supply, and JTAG emulation cable; TMDS32406L0 C-source debugger conversion software not 
included 


PC-DOS and OS/2 are trademarks of International Business Machines Corp. 
SPARC is a trademark of SPARC International, Inc. 

WIN is a trademark of Microstate Corporation. 

XDS, XDS510, and XDS510WS are trademarks of Texas Instruments Incorporated. 
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device and development support tool nomenclature 


To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all TMS320 
devices and support tools. Each TMS320 member has one of three prefixes: TMX, TMP, or TMS. Texas 
Instruments recommends two of three possible prefix designators for its support tools: TMDX and TMDS. These 
prefixes represent evolutionary stages of product development from engineering prototypes (TMX/TMDX) 
through fully qualified production devices/tools (TMS/TMDS). This development flow is defined below. 


Device development evolutionary flow: 


TMX Experimental device that is not necessarily representative of the final device’s electrical 
specifications 
TMP Final silicon die that conforms to the device’s electrical specifications but has not completed 


quality and reliability verification 


TMS Fully-qualified production device 


Support tool development evolutionary flow: 


TMDX Development support product that has not yet completed Texas Instruments internal qualification 
testing. 
TMDS Fully qualified development support product 


TMX and TMP devices and TMDX development support tools are shipped against the following disclaimer: 
“Developmental product is intended for internal evaluation purposes.” 


TMS devices and TMDS development support tools have been characterized fully, and the quality and reliability 
of the device has been demonstrated fully. Tl’s standard warranty applies. 


Predictions show that prototype devices (TMX or TMP) have a greater failure rate than the standard production 
devices. Texas Instruments recommends that these devices not be used in any production system because their 
expected end-use failure rate still is undefined. Only qualified production devices are to be used. 


TI device nomenclature also includes a suffix with the device family name. This suffix indicates the package type 
(for example, PZ, PGE, PBK, or GGU) and temperature range (for example, L). Figure 10 provides a legend 
for reading the complete device name for any TMS320 family member. 
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device and development support tool nomenclature (continued) 
TMS 320 (B) C542 PGE (L) 


PREFIX es TEMPERATURE RANGE 
TMX= experimental device ("54x DEFAULT: —40°C TO 100°C) 
TMP=_ prototype device = 0° ° 
TMS= qualified device c = Ge ie ste 
SMJ= MIL-STD-883C S = -—55°C to 100°C 
SM = High Rel (non-883C) M = —55°C to 125°C 
A = —40°C to 85°C 
DEVICE FAMILY 
320 = TMS320 Family PACKAGE TYPET 
N = plastic DIP 
J = ceramic DIP 
BOOT-LOADER OPTION JD = ceramic DIP side-brazed 
GB = ceramic PGA 
FN = plastic leaded CC 
= plastic leade 
TECHNOLOGY FD = ceramic leadless CC 
C = CMOS PJ = 100-pin plastic EIAJ QFP 
E = CMOS EPROM PQ = 132-pin plastic bumpered QFP 
F_= CMOS Flash EEPROM PZ = 100-pin plastic TQFP 
LC = Low-Voltage CMOS (3.3 V) PBK = 128-pin plastic TQFP 
VC= Low Voltage CMOS [3 V (2.5 V core)] PGE = 144-pin plastic TQFP 
GGU= 144-pin BGA 
DEVICE 
‘1x DSP 
10 16 
14 17 
15 
2x DSP: 
25 
26 
*2xx DSP: 
203 206 240 
204 209 
3x DSP: 
30 
31 
32 
‘4x DSP: 
40 
44 
5x DSP: 
50 353 
51 56 
52 «57 
54x DSP: 
541 545 
542 546 
543 548 
549 
Tt DIP = Dual-In-Line Package 6x DSP: 
PGA = Pin Grid Array cou 


CC = Chip Carrier 
QFP = Quad Flat Package 
TQFP = Thin Quad Flat Package 


Figure 10. TMS320 DSP Device Nomenclature 
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documentation support 


Extensive documentation supports all TMS320 family generations of devices from product announcement 
through applications development. The types of documentation available include: data sheets, such as this 
document, with design specifications; complete user’s guides for all devices; development support tools; and 
hardware and software applications. 


The four-volume TMS320C54x DSP Reference Set (literature number[SPRU210) consists of: 
@ Volume 1: CPU and Peripherals (literature number 

@ Volume 2: Mnemonic Instruction Set (literature number] SPRU1 72) 

@ Volume 3: Algebraic Instruction Set (literature number[SPRU179) 

@ Volume 4: Applications Guide (literature number|SPRU179) 


The reference set describes in detail the ‘54x TMS320 products currently available and the hardware and 
software applications, including algorithms, for fixed-point TMS320 devices. 


For general background information on DSPs and TI devices, see the three-volume publication Digital Signal 
Processing Applications with the TMS320 Family (literature numbers|SPRAO1 2, ISPRA016, and |SPRAO1 7). 


A series of DSP textbooks is published by Prentice-Hall and John Wiley & Sons to support digital signal 
processing research and education. The TMS320 newsletter, Details on Signal Processing, is published 
quarterly and distributed to update TMS320 customers on product information. The TMS320 DSP bulletin board 
service (BBS) provides access to information pertaining to the TMS320 family, including documentation, source 
code and object code for many DSP algorithms and utilities. The BBS can be reached at 281/274-2323. 


Information regarding Tl DSP products is also available on the Worldwide Web at http://www.ti.com uniform 
resource locator (URL). 
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electrical characteristics and operating conditions — ’C541, ’C542 


absolute maximum ratings over specified temperature range (unless otherwise noted)t 


Supply voltage range, Vopt ..... 66. eee eee eee e eee e eee eee nnnees -0.3Vto7V 
INPUT VOIAGS FANGe: cc dncecc tes ceewied adel kad asda Rak eek Re eek ode eae eee ae -0.3Vto7V 
Output voltage range: 2. wieeves seve eat tener ditekerpadeedeb eden eda we eed Coede we een oe -0.3Vto7V 
Operating case temperature range, To «1... ett e es —40°C to 100°C 
SlOrage ISMPeraluie TaNGS), Ioiq: tex neseveriinndeenseseenteweeeerenedy piagereiadedess —55°C to 150°C 


T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

+ All voltage values are with respect to Vgs. 


recommended operating conditions 


Vpp Supply voltage 4.75 5 5.25, V | 
Vs Suey vllage oe 


RS, INTn, NMI,CNT,CLKMDn F 
VIH High-level input voltage X2/CLKIN 


mA 


Refer to Figure 11 for 5-V device test load circuit values. 
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electrical characteristics and operating conditions — ’C541, ’C542 (continued) 


electrical characteristics over recommended operating case temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN 
VoH _ High-level output voltaget IOH =-300 HA 


VoL Low-level output voltaget lo =2mA 


lIZ Input current in high impedance 


Input current 
(V| = Vgg to Vpp) 


IDLE2 PLL x1 mode, 40 MHz input 4 mA 


Supply current, standb 
poe ’ IDLE3 Divide-by-two mode, CLKIN stopped 
FS 


T All typical values are atVpp =5V,TC=25°C. 

+ All input and output voltage levels except RS, INTO—INT3, NMI, CNT, X2/CLKIN, CLKMDO—CLKMD3 are TTL-compatible. 

§ Clock mode: PLL x 1 with external source 

{This value was obtained with 50% usage of MAC and 50% usage of NOP instructions. Actual operating current varies with program being 
executed. 

# This value was obtained with single-cycle external writes, CLKOFF = 0 and load = 15 pF. For more details on how this calculation is performed, 
refer to the Calculation of TMS320C54x Power Dissipation application report (literature number SPRA164). 

|| HPI input signals except for HPIENA. 


*VIL(MIN) S VIS VIL(MAX) OF VIH(MIN) S$ VIS VIH(MAX) 


IDD 
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PARAMETER MEASUREMENT INFORMATION 


timing parameter symbology 


Timing parameter symbols used are created in accordance with JEDEC Standard 100-A. To shorten the 
symbols, some of the pin names and other related terminology have been abbreviated as follows: 


Lowercase subscripts and their meanings: 


Letters and symbols and their meanings: 


a access time H High 
Cc cycle time (period) L Low 
d delay time V Valid 
dis disable time Z High impedance 
en enable time 

f fall time 

h hold time 

r rise time 

su setup time 

t transition time 

Vv valid time 

Ww pulse duration (width) 

X Unknown, changing, or don’t care level 


signal transition reference points 


All timing references are made at a voltage of 1.5 volts, except rise and fall times which are referenced at the 
10% and 90% points of the specified low and high logic levels, respectively. 


Vio. 
502 — 
utpu 
Tester Pin VLoad > © Under 
Electronics Test 
=x CT 
y'OH SS 
Where: lo, = = 2 mA (all outputs) 
lon == 300 LA (all outputs) 
VLoad = 1.5 V 
Cr = 40 pF typical load circuit capacitance. 


Figure 11. 5-V Test Load Circuit 


vy TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 59 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 
electrical characteristics and operating conditions — ’LC54x, ’VC54x 


See Table 1, Characteristics of the ‘54x Processors, for specific device applicability. 


absolute maximum ratings over specified temperature range (unless otherwise noted)t 


Supply voltage range, Vopt ....-... cece cece eee eee nett eens —0.3 V to 4.6 V 
Input Voltage Tange: sci0 ch vied eed ae dW da eee bee eee ete seas —0.3 V to 4.6 V 
Output voltage range ..... 6. tee ened e teen eens -0.3V to 4.6 V 
Operating case temperature range, TC ... 11. ett nett eens —40°C to 100°C 
Storage temperature range, Igig.... 1... e eee ee eee eee eee —55°C to 150°C 


Tt Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

¥ All voltage values are with respect to Vss. 


recommended operating conditions 


Device supply voltage 
Supply voltage, GND 


RS,INTn,NMI,CNT, X2/CLKIN, 
CLKMDn, Vpp = 3.3£0.3 V 


All other inputs 
Low-level input voltage 
High-level output current 
Low-level output current 
Operating case temperature 


Refer to Figure 12 for 3.3-V device test load circuit values. 
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electrical characteristics and operating conditions — ’LC54x, ’VC54x (continued) 


See Table 1, Characteristics of the ‘54x Processors, for specific device applicability. 


electrical characteristics over recommended operating case temperature range (unless otherwise 
noted) 


PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT 
2.4 V 


| 

oe 
Neves voo) 

ae ee or 


Cj Input capacitance 


Co Output capacitance ae ee em oe 


T All values are typical unless otherwise specified. 

+ All input and output voltage levels except RS, INTO-INTS, NMI, CNT, X2/CLKIN, CLKMDO—CLKMD3 are LVTTL- -compatible. 

§ Clock mode: PLL x 1 with external source 

{This value was obtained with 50% usage of MAC and 50% usage of NOP instructions. Actual operating current varies with program being 
executed. 

# This value was obtained with single-cycle external writes, CLKOFF = 0 and load = 15 pF. For more details on how this calculation is performed, 
refer to the Calculation of TMS320C54x Power Dissipation application report (literature number SPRA164). 

Il HPI input signals except for HPIENA. 


*VIL(MIN) = VIS VIL(MAX) °F VIH(MIN) < VIS VIH(MAX) 
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PARAMETER MEASUREMENT INFORMATION 


a - 
50 Q 
, Output 
Tester Pin Vioad \\\—# © Under 
Electronics Test 
=~ CT 
7 Vion ‘ 
Where: lo, = = 1.5 mA (all outputs) 
IoH = = 300 LA (all outputs) 
Vioad = 1.5 V 
Cr = 40 pF typical load circuit capacitance. 


Figure 12. 3.3-V Test Load Circuit 


vy TEXAS 
INSTRUMENTS 


62 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


internal oscillator with external crystal 


The internal oscillator is enabled by selecting the appropriate clock mode at reset (this is device dependent — 
see PLL section) and connecting a crystal or ceramic resonator across X1 and X2/CLKIN. The CPU clock 
frequency is one-half the crystal’s oscillation frequency following reset. After reset, the clock mode of the devices 
with the software PLL can also be changed to divide-by-four. 


The crystal should be in fundamental mode operation and parallel resonant with an effective series resistance 
of 300hms and power dissipation of 1 mW. The connection of the required circuit, consisting of the crystal and 
two load capacitors, is shown in Figure 13. The load capacitors, C; and Cy, should be chosen such that the 
equation below is satisfied. Cy in the equation is the load specified for the crystal. 


C,Cz 


C.= E+ Gy 


recommended operating conditions (See Figure 13) 


°C54x-40 ; 


fy Input clock frequency 10t 20t | i0t 20t | i0t 20t 


T This device utilizes a fully static design and therefore can operate with te(Cl) approaching oo. The device is characterized at frequencies 
approaching 0 Hz. 
+ It is recommended that the PLL clocking option be used for maximum frequency operation. 


Crystal 


C1 == C2 >= 


Figure 13. Internal Divide-by-Two Clock Option With External Crystal 
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divide-by-two/divide-by-four clock option — PLL disabled 


The frequency of the reference clock provided at the X2/CLKIN pin can be divided by a factor of two or four to 
generate the internal machine cycle. The selection of the clock mode is described in the clock generator section. 


When an external clock source is used, the frequency injected must conform to specifications listed in the timing 
requirements table. 


switching characteristics over recommended operating conditions [H = 0.5t.(cq)] (see Figure 13 
and Figure 14, and the recommended operating conditions table) 


*C54x-40 
’ *LC54x-50 
PARAMETER if te Ha spa UNIT 
ee 
tc(CO Cycle time, CLKOUT 25t wae Cl 20¢ 2tacl tT] 15¢ 2teoy t 


Delay time, X2/CLKIN high to 


oe ae an Ske ee ace 
ie) ee 


Tt This device utilizes a fully static design and therefore can operate with tc(Cl) approaching o. The device is characterized at frequencies 
approaching 0 Hz. 
t It is recommended that the PLL clocking option be used for maximum frequency operation. 
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divide-by-two/divide-by-four clock option — PLL disabled (continued) 


timing requirements for divide-by-two/divide-by-four clock option — PLL disabled (see Figure 14) 


*C54x-40 ; 
‘Lesax-ao | 1 CO#90 sees | UNIT 
———— 


ic) Fale, K2CLEN a ee 
es eS eS 
tw(CIL) Pulse duration, X2/CLKIN low 

tw(CIH) Pulse duration, X2/CLKIN high 5 


T This device utilizes a fully static design and therefore can operate with te(Cl) approaching oo. The device is characterized at frequencies 
approaching 0 Hz. 


¥ It is recommended that the PLL clocking option be used for maximum frequency operation. 


> « trch 
«— tel) > — ol twin) I | + le tKCl) 


| fl | 
wee ZY \ NL \S\Y\NS NSN 


| 
f——___ tw(CIL) 
a ace tw(COH)————> 
: te(CO) >| 7 f(CO) MeOH) 
| | 
| | 


let | | 
<> — tacit -CO) | ‘i | (CO) fg tw(COL) | 
| 


amour £\KNY NY N 


Figure 14. External Divide-by-Two Clock Timing 
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multiply-by-N clock option — PLL enabled 


The frequency of the reference clock provided at the X2/CLKIN pin can be multiplied by a factor of N to generate 
the internal machine cycle. The selection of the clock mode and the value of N is described in the clock generator 
section. 


When an external clock source is used, the frequency injected must conform to specifications listed in the timing 
requirements table. 


switching characteristics over recommended operating conditions for multiply-by-N clock 
option — PLL enabled [H = 0.5t,(co)] (see Figure 13 and Figure 15, and the recommended operating 
conditions table) 


*C54x-40 
, *LC54x-50 
PARAMETER LC54x-40 | tesixso | stxss UNIT 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 


te(CO Cycle time, CLKOUT 25 te(ChV/N 20 te(ChyN 15 techn 


Delay time, X2/CLKIN 
ta(CIH-CO) high/low to CLKOUT 6 12 18 6 12 18 4 10 16 ns 
high/low 
es ee 
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multiply-by-N clock option — PLL enabled (continued) 


timing requirements for multiply-by-N clock option — PLL enabled (see Figure 15) 


"C54x-40 ; 
‘Lesax-4o_ | bC450 Ea UNIT 
MIN MAX| MIN MAX| MIN MAX| 


Integer PLL multiplier N (N = 1-15) 20t 400] 20t 400] 20t 400 
te(Cl) Cycle time, X2/CLKIN PLL multiplier N = x.5 20ot =200] 2ot 200] 20t 200] as 


PLL multiplier N = x.25, x.75 20t 100] 20t 100} 20t 100 


T Note that for all values of tc(Cl), the minimum te(CO) period must not be exceeded. 


| | ere }- 
| 
| | 
| 


| | 
een e+ tw(CIL) tcl >| ie 
| | | 
| 
td(CIH-CO) > | t(CO) > ie 
>|} tw(COH) \e0) 
tcoy +L» | || 


P te(cl) —+——_ | | 
X2/CLKIN NPS 
| \e-t L 
— Ta ttn || ya 
cour” RRR ROSE vat 


Figure 15. External Multiply-by-One Clock Timing 
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memory and parallel I/O interface timing 


switching sd pak dc over recommended operating conditions for a memory read 
(MSTRB = 0)t# (see Figure 16) 


*LC542-40 *C54x-40 ; 
PARAMETER aes 40 an Sa 40 Leagxcod Poe sa UNIT 
elay time, address valid from 
d(CLKL-A) enon lowS 
Delay time, address valid 
d(CLKH-A) CLKOUT high (transition) 1 
= time, MSTRB low from CLKOUT 
td(CLKL-MSL) 
elay time, MSTRB high from 
'd(CLKL-MSH) arcu low 
old time, address valid after CLKOUT 
th(CLKL-A)R 
Hold time, address valid after CLKOUT 
th(CLKH-A)R high" 


T Address, PS, and DS timings are all included in timings referenced as address. 

+ See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 
§ In the case of a memory read preceded by a memory read 

{In the case of a memory read preceded by a memory write 
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memory and parallel I/O interface timing (continued) 


timing requirements for a memory read (MSTRB = 0) [H = 0.5 te(coy ltt (see Figure 16) 


*LC542-40 *C54x-40 : 


Access time, read data access from 
address valid 2H-12 2H-10 2H-10 2H-10 ce 


Access time, read data access from 
a(MSTRBL) —_MSTRB low 


Setup time, read data before CLKOUT 
'su(D low 


Hold time, read data after CLKOUT 

low 

Hold time, read data after address 
D)R invalid 


Tt Address, PS, and DS timings are all included in timings referenced as address. 
+See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 
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memory and parallel I/O interface timing (continued) 


<td (CLKL-A) 
a th(CLKL-A)R 
| 
¢->— th(A-D)R 
tsu(D)R —<—_> 
k@— tacaym —>| 
> th(D)R 
—-- th(D)MSTRBH 
td(CLKL-MSL) > <> td(CLKL-MSH) 
ta(MSTRBL) —}¢————_B® | 
| 


| 
MSTRB \ ft 


R/W 


Ps, DS \ / 


Figure 16. Memory Read (MSTRB = 0) 
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memory and parallel I/O interface timing (continued) 


switching characteristics over recommended operating conditions for a memory write 
(MSTRB = 0) [H = 0.5 tc(¢o)| T+ (see Figure 17) 


*C54x-40 


"LC54x-40 
PARAMETER *LO54x-50 


: 


[(CukitAwiy Delay ine, RW igh from GLKOUTHoh i 
fRWL-STABL) Delay ine, MSTAB ow ater RAWiow i 


MLO; NMLoO};,oO;o|!o 
— 


= 

iN) 

ae 

+ 
aflwlolalwlolalata 


Oo 


tsu(D)MSH Setup time, write data valid before MSTRB high 


Tt Address, PS, and DS timings are all included in timings referenced as address. 

+ See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 
§ In the case of a memory write preceded by a memory write. 

lIn the case of a memory write preceded by an I/O cycle. 
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memory and parallel I/O interface timing (continued) 


f—?~—_ td(CLKH-A) 
—— td(CLKL-A) th(A)w-+<¢—_> 
SG 
> taccuk-pyw }¢—+—>__ th(D)MSH 
{¢———— tsu(D) MSH > 


¢——++- td(CLKL-MSL) 


}¢——_— tsu(A)w ———> 


(¢——® ta(CLKL-MSh) 


MSTRB | 


p> td(CLKH-RWL) a td(CLKH-RWH) 
| ¢—— tw(SL)Ms ———— 
| 


_ le >— td(RWL-MSTRBL) 
RW ‘ f 


PS, DS \ / 


Figure 17. Memory Write (MSTRB = 0) 
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memory and parallel I/O interface timing (continued) 


switching characteristics over recommended operating conditions for a parallel I/O port read 
(IOSTRBt# (see Figure 16) 


°LC542-40 "C54x-40 
; LC54x-40 
PARAMETER LC543-40 "LC54x-50 UNIT 


Tt Address and IS timings are included in timings referenced as address. 
+ See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 
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memory and parallel I/O interface timing (continued) 


timing requirements for a parallel I/O port read (IOSTRB= 0) [H = 0.5 te(coyl tt (see Figure 18) 
"C54x-40 


*LC54x-40 
*LC54x-50 


ta(A)IO Access time, read data access from address valid 3H-12 3H-10 3H-10 aoe 


*LC542-40 
*LC543-40 


[iyoyOR Hol tne, road data afer CLKOUTigh ‘| 0 ‘| 0 +| oid rs 
[iyiSTRB-O)A Holme, read dataater1OSTAB hgh | 0 | o | 0 | = | 


Tt Address and IS timings are included in timings referenced as address. 
+ See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 


CLKOUT “Ff wee, =~ yy  % 
| 


| | 
<—? = td(CLKL-A) os th(A)IOR 
| 
| 
| <-> tn) OR 
| ¢———*— tsu(D)IOR 
‘ ta(A)lO > | 


D[15:0] 


| (¢—>> th(ISTRBH-D)R 
; = 
aS TRB \¢—®— ta(CLKH-ISTRBH) 
> — td(CLKH-ISTRBL) | 
IOSTRB \ h 


Figure 18. Parallel I/O Port Read (IOSTRB = 0) 


WB TEXAS 


INSTRUMENTS 


74 POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77251-1443 


TMS320054x, TMS320LC54x, TMS320VC54x 
FIXED-POINT DIGITAL SIGNAL PROCESSORS 


SPRS039C — FEBRUARY 1996 — REVISED DECEMBER 1999 


memory and parallel I/O interface timing (continued) 


switching characteristics over recommended operating conditions for a parallel I/O port write 
(IOSTRB = 0) [H = 0.5 te(co)] (See Figure 19)t 


"C54x-40 jean | 
"LC54x-40 
PARAMETER *LO54x-50 UNIT 
ies | [ow 
th(D)IOW Hold time, write data after IOSTRB high 


Tt See Table 15, Table 16, and Table 17 for address bus timing variation with load capacitance. 
+ Address and IS timings are included in timings referenced as address. 
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memory and parallel I/O interface timing (continued) 


¢ P— tsu(A)IOSTRBL 
td(CLKL-A) “+> > th(A)IOW 
DQ 
ta(CLKH-D)low —/¢ bl 
¢——++— t(D) low 


D[15:0] 
td(CLKH-ISTRBL) ————_» 


td(CLKH-ISTRBH) —+¢-p 
le >! — tsu(D)IOSTRBH 


— | 
IOSTRB a 7 


aaa tq(CLKL-RWL) > — td(CLKL-RWH) 


a | 
R/W \ f 


Figure 19. Parallel I/O Port Write (IOSTRB = 0) 
I/O timing variation with load capacitance: SPICE simulation results 


Condition: Temperature : 125°C 
Capacitance :0-100pF 
Voltage : 2.7/3.0/3.3 V 
Model : Weak/Nominal/Strong 


90% 


Figure 20. Rise and Fall Time Diagram 
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/O timing variation with load capacitance: SPICE simulation results (continued) 


Table 15. Timing Variation With Load Capacitance: [2.7 V] 10% — 90% 


aa ee ee 


Table 16. Timing Variation With Load Capacitance: [3 V] 10% — 90% 


ase [ra ser SCdYCOCSESCdY:CiL CS 
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I/O timing variation with load capacitance: SPICE simulation results (continued) 


Table 17. Timing Variation With Load Capacitance: [3.3 V] 10% — 90% [3 V] 10% — 90% 


wen NO CSIONC*d 
ae ee ee 
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ready timing for externally generated wait states 


timing requirements for externally generated wait states [H = 0.5 te(coylt (see Figure 21, Figure 22, 
Figure 23, and Figure 24) 


*C54x-40 ; 


tvRDY)MSTRB Valid time, READY after MSTRB lowt 4H-15 4H-12 4H-10 


Tt The hardware wait states can be used only in conjunction with the software wait states to extend the bus cycles. To generate wait states by 
READY, at least two software wait states must be programmed. READY is not sampled until the completion of the internal software wait states. 
+ These timings are included for reference only. The critical timings for READY are those referenced to CLKOUT. 
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ready timing for externally generated wait states (continued) 


80 


eens X%F eR RTF 
| 


tsu(RDY) —<—__> 
| —>~ th(RDY) 
| 
READY \ / 

| 
| 

tv(RDY)MSTRB —¢ > 

< >— th(RDY)MSTRB 


MSTRB \ / 


—> + twmscH) 


ae tv(MSCL) | 


| 
MSC \ / 
Wait State 


‘4 Generated -» 


Wait States by READY 
'*—— Generated Internally —> 


Figure 21. Memory Read With Externally Generated Wait States 
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ready timing for externally generated wait states (continued) 


act \ S\N SSS XS SS \. 


+> {e- th(RDY) 


<1] tsu(RDY) 


READY \ = 
| | 


tv(RDY)MSTRB = 


| 
| 
>— th(RDY)MSTRB 


[ 
MSTRB \ / 


}*—>— ty(MSCH) 
¢—>- ty(MSCL) | 


MSC 


Wait States 2 
‘— Generated Internally "¢______»,__ Wait State Generated 
by READY 


Figure 22. Memory Write With Externally Generated Wait States 
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ready timing for externally generated wait states (continued) 


82 


CLKOUT 


A[15:0] 


READY 


IOSTRB 


MSC 


NS RF RF RF RT RZ 


— XK 


th(RDY)» le 
l¢—>— \tsu(RDY) 


oF 


tv(RDY)IOSTRB i > 
I 


<> ty(MSCH) 


}— tv(MSCL) a ! 


SE 


Wait State Generated 
Wait . a by READY 
\¢——___ States ——— > 
Generated 
Internally 


Figure 23. I/O Read With Externally Generated Wait States 
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ready timing for externally generated wait states (continued) 


th(RDY) >» 
tsu(RDY) 


| 
READY \ f 


tv(RDY)IOSTRB 7 > 


*—;__ th(RDY)IOSTRB ——{_ > 
IOSTRB \ / 


acs tv(MSCH) 
— tymscL) — 


| 
eS -  - & SY Fo wee 
<+—_____> 


Wait States by READY 
\¢——— Generated ——> 
Internally 


Figure 24. I/O Write With Externally Generated Wait States 
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HOLD and HOLDA timing 


switching characteristics over recommended operating conditions for memory control signals 
and HOLDA [H = 0.5 te(co)] (see Figure 25) 


*C54x-40 


"LC54x-40 
PARAMETER *LO54x-50 


tdis(CLKL-A Disable time, CLKOUT low to address, PS, DS, IS high impedance 


tdis(CLKL-RW Disable time, CLKOUT low to R/W high impedance 


Disable time, CLKOUT low to MSTRB, IOSTRB high 
tdis(CLKL-S) impedance 


ten(CLKL-A Enable time, CLKOUT low to address, PS, DS, IS 
ten(CLKL-RW Enable time, CLKOUT low to R/W enabled 
ten(CLKL-S) Enable time, CLKOUT low to MSTRB, IOSTRB enabled 


Valid time, HOLDA low after CLKOUT low ee alo 


t 
MnP) Valid time, HOLDA high after CLKOUT low aS 
tw(HOLDA) Pulse duration, HOLDA low duration 


timing requirements for HOLD [H = 0.5 te(¢o)] (See Figure 25) 


*C54x-40 
*LC54x-40 
*LC54x-50 


tw(HOLD Pulse duration, HOLD low duration 
tsu(HOLD) Setup time, HOLD before CLKOUT low 
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HOLD and HOLDA timing (continued) 


exout J“ S\N S\N LS \ SVS VS VS NSN 
| 


] 
>  tsu(HOLD) tsu(HOLD) a je 
al 


—_—— tw(HOLD) 
HOLD \ } 


-- tv(HOLDA) tv(HOLDA) 


2. ee 
WODAT ae 
> = | tdis(CLKL-A) }¢#————+“- ten(CLKL-A) 


PS, DS, IS 


+ i tdis(CLKL-RW) '¢—_—__—-»- ten(CLKL-RW) 
ni) rr 
>| © tdis(CLKL-S) \¢ > ten(CLKL-S) 
STB | Tr 

+ | tdis(CLKL-S) l¢ | ten(CLKL-S) 


Figure 25. HOLD and HOLDA Timing (HM = 1) 
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reset, BIO, interrupt, and MP/MC timings 


timing requirements for reset, interrupt, BIO, and MP/MC [H = 0.5 te(coy] (see Figure 26, Figure 27, 
and Figure 28) 


*C54x-40 ; 
LO54x-40 sain = UNIT 
[wax | wan WA | WN MA 


fas) Foie Sater OT @w oo 
fiysioy __Holdtime, BIOater CLKOUTIow —_——~d So dT Cd id 
fit) __Holdtime, INT NMI ater CLKOUTIowT fo |o | _o | w= 
[iypnic) _Holdtime, MPG ater GLKOUTiow =i «dT dT Cd 
agro Fee ten Wie agreerows [a Ya at 
ays Pols ste igh snewenos] | 6 aere ae Los 


tw(INTH)A Pulse duration, INTn, NMI high eS 
tw(INTL)S Pulse duration, INTn, NMI low (synchronous) 
twiINTL)A Pulse duration, INTn, NMI low (asynchronous) 
twiINTL)WKP. Pulse duration, INTn, NMI low for IDLE2/IDLE3 wakeup 
Setup time, RS before X2/CLKIN low§ 
Setup time, BIO before CLKOUT low 


tsu(MPMC) Setup time, MP/MC before CLKOUT low 


Tt The external interrupts (INTO-INTS, NMI) are synchronized to the core CPU by way of a two flip-flop synchronizer which samples these inputs 
with consecutive falling edges of CLKOUT. The input to the interrupt pins is required to represent a 1-0-0 sequence at the timing that is 
corresponding to three CLKOUTs sampling sequence. —_ 

+ Ifthe PLL mode is selected, then at power-on sequence, or at wakeup from IDLE3, RS must be held low for at least 50 ps to assure synchronization 
and lock-in of the PLL. 

§ Divide-by-two mode 

{Note that RS may cause a change in clock frequency, therefore changing the value of H (see the PLL section). 
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reset, BIO, interrupt, and MP/MC timings (continued) 


ata fF “GF SF&F GF TF XV 
| 


| 
>| | tsu(RS) 
lg 


| tw(RSL) > 
RS, INTn, NMI ‘ 7 
| 
tsu(INT) >| | 
th(Rs) > — 
CLKOUT Ff %~’ fF SJ \_ 
lt ———->1— tsuBI0) 
| —> + thBio) 
_ - 
BIO \ -- 
| 
<< twBioys ———————>| 


Figure 26. Reset and BIO Timings 


| 


| | | 
. tsu(INT) ¢—>+ tsu(INT) >| thinT) 
| | 


INTn, NMI / \ / 
| | 


—_ | 


tw(INTH)A ——>, 
| <—__—— tw(INTL)A ——+ 


Figure 27. Interrupt Timing 


RS / 
<> th(mpmc) 


| 
tsu(MPMC) rd | 


MPC WY BR OK 


Figure 28. MP/MC Timing 
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instruction acquisition (IAQ), interrupt acknowledge (IACK), external flag (XF), and TOUT timing 


switching characteristics over recommended operating conditions for IAQ and IACK 
[H = 0.5 te(co)] (see Figure 29) 


°C54x-40 
*LC54x-40 


PARAMETER *LC54x-50 
*54x-66 


td(CLKL-IAQL Delay time, IAQ low from CLKOUT low 
td(CLKL-IAQH Delay time, IAQ high from CLKOUT low 
td(A)IAQ Delay time, address valid before IAQ low a i 


Taiayack —__Delaytime, adress vals below ACK iow SSCS S| 
Tiyayaa Hold ime, address valid ateriNG high SSCS 
riyayack Hold time, aderess vad aterIAGKHgh SSCS id 


CLKOUT \ / \ / 


A[15:0] x x 


ta(CLKL-IAQL) —<_____» j¢—___- ta(CLKL-IAQH) 
> — th(A)IAQ 
<—__ ta(A)IAQ 


a —————— t ; ——— 
KG w(IAQL) ~——— 


le > — td(CLKL-IACKL) }¢—__—- td(CLKL-IACKH) 
¢—>— th(A)IACK 


}¢—— ta(A)IACK 


ee <¢#—___—_—.  tw(lAcKL) —————> 
IACK \ ~ 
MSTRB : d 


Figure 29. Instruction Acquisition (IAQ) and Interrupt Acknowledge (IACK) Timing 
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instruction acquisition (IAQ), interrupt acknowledge (IACK), external flag (XF), and TOUT timing 
(continued) 


switching characteristics over recommended operating conditions for external flag (XF) and TOUT 
[H = 0.5 te(co)] (see Figure 30 and Figure 31) 


*C54x-40 
*LC54x-40 


PARAMETER "LC54x-50 
"BAx-66 


Delay time, XF high after CLKOUT low p28 
'd(xXF) Delay time, XF low after CLKOUT low 


td(TOUTH) Delay time, TOUT high after CLKOUT low 
td(TOUTL) Delay time, TOUT low after CLKOUT low 


tw(TOUT) Pulse duration, TOUT 


Figure 30. External Flag (XF) Timing 


| | 


| 
ta(TOUTH) + 2 ta(TOUTL) 


| 
TOUT / \ 
¢——— tw(TouT) —— 


Figure 31. TOUT Timing 
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serial port receive timing 


timing requirements for serial port receive [H = 0.5 te(co)] (see Figure 32) 


*C54x-40 ; 
+ oi ee UNIT 


feisck) _ CyCIe ane, Soret bomen ea a aoe 
cy 1 Ya 
1s) pts 


[tswFSR) Setuptime, FSRbefore CLKRIalingedge | 7 | ns 
[thirsR) Holdtime, FSRafterCLKRialingedge | 7 Ts 
[tnDR) _Holdtime, DRafterCLKRfalingedge | 7] | CT 
[tsDR) Setuptime, DAbefore CLKRialingedge | 7 TT ts 


t = a port design is fully static and, therefore, can operate with tc(SCK) approaching . It is characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 


¢— te(SCK) — 
di, >| | tf(SCK) 


| —_—— tw(SCK | 
CLKR | 7 ta | 


| 
<>\— th(FSR) | 
| | <——>— tw(SCK) a 
<--> tsu(FSR) 


¢<—s— tsu(DR) 
FSR / \ | / 


! —- th(DR) 
| 
Bn ae Gees & x Xx 
BIT SORRY 
1 2 


Figure 32. Serial Port Receive Timing 


I tr(SCK) 
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serial port transmit timing 


switching characteristics over recommended operating conditions for serial port transmit with 
external clocks and frames (see Figure 33) 


*C54x-40 
, "LC54x-50 
PARAMETER LO54x-40 j‘tesaeso | six65 | UNIT 


tg(Dx Delay time, DX valid after CLKX rising 


timing requirements for serial port transmit with external clocks and frames [H = 0.5te(co)] 
(see Figure 33) 


*C54x-40 : 


fgisox) Cyeetime,seralponcoeSSSSC~*dSCS | TT 
raFsx) Delay tine, FSX ater OUKrsingedge ——SSCSC~dSCSC‘“‘i Ys 
th(FSX Hold time, FSX after CLKX dea edge = Note ; a 
riyéSxyH Hold tine, FSX after CLK rising edge (see Note) ——+| —awet| aS CE ns _| 
CS a a TT 
fsck) Ase ime, serial portcck———SSSCSCSC~—CSC~iSSC‘“‘C*Y;SCOC~C~*SYYSCOC‘“‘“‘SS‘YC’CNS~ 
tw(SCK) Pulse duration, serial port clock low/high 


T The serial port design is fully static and, therefore, can operate with tc(SCk) approaching -. It is characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 
t If the FSX pulse does not meet this specification, the first bit of serial data is driven on DX until the falling edge of FSX. After the falling edge of 
FSX, data is shifted out on DX pin. The transmit buffer-empty interrupt is generated when the th(FSx) and th(FSX)H Specification is met. 
NOTE 1: Internal clock with external FSX and vice versa are also allowable. However, FSX timings to CLKX always are defined depending on 
the source of FSX, and CLKX timings always are dependent upon the source of CLKX. Specifically, the relationship of FSX to CLKX 
is independent of the source of CLKX. 


I~ te(sck) 
l > tw(Sck) > im tf(SCK) 
_ 7 ee 
4 le tapsx) “7T tHFSXOH ! | | 
| tes kK —+—twscx) " * tscK) ! 
FSX ee ee ee | 
| 
ta(DX)-1 ke 
(DX) | >| le thDx) baila _ 
| | 
oxeT POX KOK XX 
; . 7/15 816 


Figure 33. Serial Port Transmit Timing With External Clocks and Frames 
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serial port transmit timing (continued) 


switching characteristics over recommended operating conditions for serial port transmit with 
internal clocks and frames [H = 0.5te(co)] (see Figure 34) 
"C54x-40 
"LC54x-40 
PARAMETER "LC54x-50 


MIN TYP MAX MIN TYP MAX 


tw(SCK) Pulse duration, serial port clock low/high 


¢— te(SCK) | 
| 4 twisexy 4 le tscK) 
| | | 
CLKX / | | | : 
4 fe ta(Fsx) | twsck) *#——> | | 
| He tarsx) | | 7S tsk) | 
| ake t 
Fsx ff \ d(DX) | 
| | tdis(DX) >| [e 
| 4 be th(Dx) | 
Sea | | | 
COCCCCUCUUOU UY, 
ox RO XCSCOCKSC“‘(SM CX OCOCOC‘ 
1 2 7/15 8/16 


Figure 34. Serial Port Transmit Timing With Internal Clocks and Frames 
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buffered serial port receive timing 


timing requirements for buffered serial port receive (see Figure 35) 


tw(SCK) Pulse duration, serial port clock low/high 


tsu(BFSR) Setup time, BFSR before BCLKR falling edge (see Note 2) 


th(BESR Hold time, BFSR after BCLKR falling edge (see Note 2) 


tsu(BDR Setup time, BDR before BCLKR falling edge 


a es oe eee Ge 


T The serial port design is fully static and therefore can operate with tc(SCk) approaching infinity. Itis characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 

+ First bit is read when BFSR is sampled low by BCLKR clock. 

NOTE 2: Timings for BCLKR and BFSR are given with polarity bits (BCLKP and BFSP) set to 0. 


j¢— tesck) > 
| ¢——>-  twsck) 


: l > - tf(SCK) 
BCLKR f | 
+! ai th(BFSR) twsck) 74—> 


>| I+ tysck) 


tsu(BFSR) 
}¢—>-— tsu(BDR) 


BFSR 


¢——>+ th(BpR) 
| 
YYYYYYYY YY | 
iI sls s0s, On, GD, GD GD, GD GED 
1 2 8/10/12/16 


Figure 35. Buffered Serial Port Receive Timing 
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buffered serial port transmit timing of external frames 


switching characteristics over recommended operating conditions for buffered serial port 
transmit of external frames (See Figure 36) 


*C54x-40 
*LC54x-40 
PARAMETER *LC54x-50 


th(BDX) Hold time, BDX valid after BCLKX rising 


te(SCK Cycle time, serial port clock 
t(SCK Fall time, serial port clock 


triSCK Rise time, serial port clock 


tw(SCK Pulse duration, serial port clock low/high 


th(BFSX Hold time, BFSX after CLKX falling edge (see Notes 3 and 4) 6 


tsu(BFSX) Setup time, FSX before CLKX falling edge (see Notes 3 and 4) ee 


t The serial port design is fully static and therefore can operate with tc(SCK) approaching infinity. Itis characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 
+ lf BESX does not meet this specification, the first bit of the serial data is driven on BDX until BFSX goes low (sampled on falling edge of BCLKX). 
After falling edge of the BFSX, data will be shifted out on the BDX pin. 
NOTES: 3. Internal clock with external BFSX and vice versa are also allowable. However, BFSX timings to BCLKX always are defined 
depending on the source of BFSX, and BCLKX timings always are dependent upon the source of BCLKX. 
4. Timings for BCLKX and BFSX are given with polarity bits (BCLKP and BFSP) set to 0. 
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buffered serial port transmit timing of external frames (continued) 


l¢— te(SCK) > 
: }¢—_»— tw(SCkK) 


scuwe Nf \_f” 


| 
| 
a ¢— th(BFSX) 


}¢——>— tw(SCk) 
tsu(BFSX) 


>| re tf(SCK) 


| | 
| 
> I+ tysck) 


BFSX Pr \ 
UT_=(———————————— 


> . th(BDX) 
| 


ta(BDX) > ke 


| 
SX XT) 
BOK ND XXX 


1 2 


tdis(BDX) > 


8/10/12/16 


Figure 36. Buffered Serial Port Transmit Timing of External Clocks and External Frames 


' 
| 
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buffered serial port transmit timing of internal frame and internal clock 


switching characteristics over recommended operating conditions for buffered serial port 
transmit of internal frame and internal clock [H = 0.5tc(CO)] (see Figure 37) 


*C54x-40 


*LC54x-40 
PARAMETER *LC54x-50 


te(SCK Cycle time, serial port clock, internal clock 


t Delay time, BFSX after BCLKX rising edge 
d(BFSX) (see Notes 3 and 4) 


tr(SCK Rise time, serial port clock 


tw(SCK) Pulse duration, serial port clock low/high 


NOTES: 3. Internal clock with external BFSX and vice versa are also allowable. However, BFSX timings to BCLKX always are defined 
depending on the source of BFSX, and BCLKX timings always are dependent upon the source of BCLKX. 
4. Timings for BCLKX and BFSX are given with polarity bits (BCLKP and BFSP) set to 0. 


t— te(scx) > 
| <> — twisck) + . t(SCK) 
sox f \ ff Vf \ Sf | \ 
| | | 
| >| Ie tyscK 
—> | taBrsx) HSC) 
| | }¢——>— __ twsck) 
| le>— ta(BFSx) 
BFSX 
tuis(BDx) 4) 
>| © trepx) 


| 
taBpx) > : | | 


| 
Nh i a 
BOX YY 


1 2 8/10/12/16 


Figure 37. Buffered Serial Port Transmit Timing of Internal Clocks and Internal Frames 
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serial-port receive timing in TDM mode 


timing requirements for serial-port receive in TDM mode [H = 0.5tg(¢o)] ('542/'543 only) 
(see Figure 38) 


te(SCK Cycle time, serial-port clock 
tf(SCK Fall time, serial-port clock [Sti os | 
tr(SCK Rise time, serial-port clock ee ee 


[W(TH-TD) Hold tine, TDAT/TADD afer TOLK ising edge tSoRI) =H 
th(TCH-TF) _ Hold time, TFRM after TCLK rising edget 


t The serial-portdesignis fully static and, therefore, can operate with tc(SCK) approaching infinity. Itis characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 

+TFRM timing and waveforms shown in Figure 38 are for external TFRM. TFRM can also be configured as internal. The TFRM internal case is 
illustrated in the transmit timing diagram in Figure 39. 


timing requirements for serial-port receive in TDM mode [H = 0.5t,(c¢o)] (‘54x devices other than 
*542/’543) (see Figure 38) 


"C54x-40 

*LC54x-40 

"LC54x-50 UNIT 
| MIN MAX| MIN MAX | 


ae  _____| oe toe 
fsck alltime, senabpon once or 
fuscx) Rite tine senabgon aoe rr 
fiyToH-TD) Hol tine, TDATITADD after TOLK sng edge 
th(TCH-TF) _ Hold time, TFRM after TCLK rising edge¢ 


T The serial-portdesignis fully static and, therefore, can operate with tc(SCK) approaching infinity. Itis characterized approaching an input frequency 
of 0 Hz but tested at a much higher frequency to minimize test time. 

+TFRM timing and waveforms shown in Figure 38 are for external TFRM. TFRM can also be configured as internal. The TFRM internal case is 
illustrated in the transmit timing diagram in Figure 39. 
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serial-port receive timing in TDM mode (continued) 


t 
wisen) | > twsck) | | t(SCK) 
| ‘— tsu(TD-TCL)t | le—>— tsurp-TeL)t | | 
me eek es | | <> tsuTD-TcH)t, | * tsck) 
th(TCL-TD)* ne al «| ¢—__>- th(TCL-TD)* 


| ¢ th(TCH-TD) 


> ¢ tsu(TF-TCH) 
XX XXXXXKX XXX KKK KY { Al) 
TADD YOwnnnnneneney—A_A0__) 
ait th(TCH-TF) 
| | 


TFRM f \ 


T All devices except 542/543 
+'542/'543 only 


AXXXXXKKX KK XK KKK KKK OK Y 
(8 A AT AAA? 


Figure 38. Serial-Port Receive Timing in TDM Mode 
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serial-port transmit timing in TDM mode 


switching characteristics over recommended operating conditions for serial-port transmit in TDM 
mode [H = 0.5t,(co)] (see Figure 39) 


*LC54x-40 
PARAMETER °LC54x-50 


th(TCH-TDV Hold time, TDAT/TADD valid after TCLK rising edge, TCLK internal 
Delay time, TFRM valid after TCLK rising edge TCLK extt H- 3H + 22 3H + 22 
'd(TCH-TFV) Delay time, TERM valid after TCLK rising edge, TCLK intt H-3  3H+12 3H + 12 


Delay time, TCLK to valid TDAT/TADD, TCLK ext 
taTC- 
q(TC-TDV) Th elay time, TCLK to valid TDAT/TADD, TCLK int 


tT TERM timing and waveforms shown in Figure 39 are for internal TFRM. TERM can also be configured as external. The TFRM external case is 
illustrated in the receive timing diagram in Figure 38. 


th(TCH-TDV) | Hold time, TDAT/TADD valid after TCLK rising edge, TCLK external f oo 
H-3 
2 


switching characteristics over recommended operating conditions for serial-port transmit in TDM 
mode [H = 0.5t,(c¢o)] (see Figure 39) 


PARAMETER 


th(TCH-TDV Hold time, TDAT/TADD valid after TCLK rising edge, TCLK external 
th(TCH-TDV Hold time, TDAT/TADD valid after TCLK rising edge, TCLK internal 


Delay time, TFRM valid after TCLK rising edge, TCLK extT 
'd(TCH-TFV) [Delay time, TERM valid after TCLK rising edge, TCLK intT 

Delay time, TCLK to valid TDAT/TADD, TCLK ext 
td(TC-TDV) 


Delay time, TCLK to valid TDAT/TADD, TCLK int 


tT TERM timing and waveforms shown in Figure 39 are for internal TFRM. TERM can also be configured as external. The TFRM external case is 
illustrated in the receive timing diagram in Figure 38. 
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serial-port transmit timing in TDM mode (continued) 


timing requirements for serial-port transmit in TDM mode [H = 0.5t<(co)] (see Figure 39) 


*C54x-40 
*LC54x-40 
*LC54x-50 


te(SCK Cycle time, serial-port clock 16Ht 


t(SCK) Fall time, serial-port clock oH 
tr(SCK Rise time, serial-port clock a i 
tw(SCK) Pulse duration, serial-port clock low/high aa oe 


t When SCK is generated internally, this value is typical. 
+The serial-port design is fully static and, therefore, can operate with tc(SCK) approaching oo. It is characterized approaching an input frequency 
of 0 Hz but tested as a much higher frequency to minimize test time. 


tw(SCK)—¢—_ 
| hs ' 'w(SCk) | | t(Sck) 
| | | 
tc(SCK) +¢———__- + ¢— ta(TC-TDV) 1 I= tysck) 


B15 | 
| 
| 


> © th(TCH-TDV 
th(TCH-TDV) ( ) 
‘a > ene: -TDV) 


CX _ ATX) 7] 


> <— tacrcH-tFv) AO 
l > ke tg(TCH-TFV) 


Figure 39. Serial-Port Transmit Timing in TDM Mode 
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host-port interface timing 


switching characteristics over recommended operating conditions for host-port interface 
[H = 0.5te(co)] (see Note 5, Note 6, and Figure 40 through Figure 43) 


*C54x-40 


"C54x-50 
PARAMETER 'C54x-66 


td(DSL-HDV Delay time, DS low to HD driven ee ee 


Case 1: Shared-access mode if 
tw(DSH) <7H 7H+20- —tw( DSH) 


Case 2: Shared-access mode Sa] 
Delay time, HDS falling to HD valid for firstbyte | tw(DSH) > 7H 


'd(HEL-HDV1) of a non-subsequent read: >» max 20 nst+ Case 3: Host-only mode if a 
tw(DSH) < 20 ns w(DSH) 


Case 4: Host-only mode if 
tw(DSH) > 20 ns 


na 
fa(osiunvr) Delay tne, BSnigh oHROY gh eto | 
td(COH-HTX) Delay time, CLKOUT rising edge to HINT change 


Tt Host-only mode timings apply for read accesses to HPIC or HPIA, write accesses to BOB, and resetting DSPINT or HINT to 0 in shared-access 
mode. HRDY does not go low for these accesses. 
+ Shared-access mode timings will be met automatically if HRDY is used. 
NOTES: 5. SAM = shared-access mode, HOM = host-only mode 
HAD stands for HCNTRLO, HCNTRL1, and HR/W. 
HDS refers to either HDST or HDS2. | 
DS refers to the logical OR of HCS and HDS. __ 
6. On host read accesses to the HPI, the setup time of HD before DS rising edge depends on the host waveforms and cannot be 
specified here. 
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host-port interface timing (continued) 


timing requirements for host-port interface [H = 0.5t.(¢q)] (see Note 5 and Figure 40 through 
Figure 43) 


*C54x-40 
*C54x-50 
*C54x-66 


| MIN, MAX. 


Case 1: HOM access timings 50 
. er — | (see Access Timing Without HRDY) 
Cycle time, DS rising edge to next DS - - 
te(DSH-DSH)t rising edge Case 2a: SAM accesses and HOM active writes ns 

to DSPINT or HINT. 10H 

(see Access Timings With HRDY) 


tsu(HDV-DSH) Setup time, HD valid before DS rising edge 


td(DSH-HSL)* Delay time, DS high to next HAS low 
th(DSH — HDV)W Hold time, HD valid after DS rising edge, write 


Tt A host not using HRDY should meet the 10H requirement all the time unless a software handshake is used to change the access rate according 
to the HPI mode. 
+ Must only be met if HAS is going low when not accessing the HPI (as would be the case where multiple devices are being driven by one host). 
NOTE 5: SAM = shared-access mode, HOM = host-only mode 
HAD stands for HCNTRLO, HCNTRL1, and HR/W. 
HDS refers to either HDS1 or HDS2. 
DS refers to the logical OR of HCS and HDS. 
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host-port interface timing (continued) 


<> 


FIRST BYTE 


SECOND BYTE 


(aX we 


fo tsu(HBV-DSL) 


¢—- th(DSL-HBV) | 


Valid 
| 


tw(DSH) <—_ J 


HD 
READ 


HD 
WRITE 


+ 


ta(HEL-HDV1) -¢—— 


tsu(HDV-DSH) —¢——} 


j¢——__ tw(DSL) —>* 


_tc(DSH-DSH) ———>* 


tw(DSH) on 


‘7 th(DSL-HBV) 
tsu(HBV-DSL 
is ) 


—— ¢— twps_) —> = 


a td(DSL-HDV2) 
| > th(DSH-HDV) _» 


ees | 


4— th(DSH-HDV)R 


| 
| 


tsu(HDV-DSH) +4 
¢- thosH-Hpv) | > 


< th(DSH-HDV)W 


Figure 40. Read/Write Access Timings Without HRDY or HAS 
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host-port interface timing (continued) 


FIRST BYTE SECOND BYTE 
5 tsu(HBV-DSL) ! 
/— > /¢— th(DSL-HBV) | 4 td(DSH-HSL) 
tsu(HSL-DSL)—>| ‘¢— | 


| = — > = —thost-HBvyt | 


¢—_» tsu(HBV-DSL)t 


tw(DSH) —“——_» ++ tc(DSH-DSH) ———|_ | 


— | ‘¢— twps_) —> _ 
Hcs | ) 
HDS 
td(HEL-HDV1) "4 
a | | ——>— ta(DSL-HDv2) 
> |© th(DSH-HDV)R 

ta(DSL- HOV) > <— | | | —> = th(DSH-HDV)R 
2 X= 
READ | | 
tsu(HDV-DSH) > | tsu(HDV-DSH) +€——> 

| —> (© thDsH-HDvyw | > © th(DsH-HDv)w 


1 | 1 
2 — ! <P, 
WRITE 


T When HAS is tied to Vpp 
Figure 41. Read/Write Access Timings Using HAS Without HRDY 
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host-port interface timing (continued) 


FIRST BYTE SECOND BYTE 
HAS -_ : . 
'—pl ie teu(HSL-DSL) ! ' 
tsu(HBV-DSL) >) ee : td(DSH-HSL) 
1 th(DSL-HBV) 
HAD 
>  & thDsL-HBvyt | 
tsu(HBV-DSL)t +} | 
HBIL K x / \ 
t digi 4) }¢——— te(DSH-DSH) ———!_ | 
w(DSH) ~¢- 


4 tw(DSL) —* _ 


Hcs | 
HDS 


; ' | }¢—> tsu(HDV-HYH) 
<———_ aes) —> 
| 


| | | 
td(DSH-HYL) —4—> bok 4 
td(HEL-HDV1) ¢——> <—_>+— td(DSL-HDV2) 


een 
tg(DSL-HDV) > — | is . n(OS HHP OE > 4 th(DSH-HDW)R 


| 1 
READ | 
; | tsu(HDV-DSH) “€—>— 
| tsu(HDV-DSH) > eae 
; |  —b i th(DsH-HDV)w 
WRITE | 


HRDY 


}¢—1— td(COH-HYH) 


CLKOUT ff Ff 
| 


a td(COH-HTX) 
xX 


Figure 42. Read/Write Access Timing With HRDY 


HINT 


t When HAS is tied to Vpp 
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host-port interface timing (continued) 


106 


¢——1- td(DSH-HYL) 


HRDY 


| | 
—— td(DSH-HYH) —— 


HDS y \ 


Figure 43. HRDY Signal When HCS is Always Low 
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PACKAGING INFORMATION 


Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples 
(1) Drawing Qty (2) Ball material (3) (4/5) 
(6) 
TMS320LC542PBK1-50 ACTIVE LQFP PBK 128 90 RoHS & Green NIPDAU Level-1-260C-UNLIM TMS320LC542 
TMS320LC542PGE2-40 ACTIVE LQFP PGE 144 60 RoHS & Green NIPDAU Level-1-260C-UNLIM TMS320LC542 
TMS320LC542PGE2-50 NRND LQFP PGE 144 60 RoHS & Green NIPDAU Level-1-260C-UNLIM TMS320LC542 
76928PGE2-50 
TMS320LC543PZ1-40 ACTIVE LQFP PZ 100 90 RoHS & Green NIPDAU Level-1-260C-UNLIM TMS320LC543 
TMS320LC543PZ1-50 ACTIVE LQFP PZ 100 90 RoHS & Green NIPDAU Level-1-260C-UNLIM TMS320LC543 
36928PZ1-50 
TMS320LC548PGE-66 ACTIVE LQFP PGE 144 60 RoHS & Green NIPDAU Level-1-260C-UNLIM -66 
TMS320L.C548PGE 
TMS320LC548PGE-80 ACTIVE LQFP PGE 144 60 RoHS & Green NIPDAU Level-1-260C-UNLIM -80 
TMS920L.C548PGE 


The marketing status values are defined as follows: 

ACTIVE: Product device recommended for new designs. 

LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect. 

NRND: Not recommended for new designs. Device is in production to support existing customers, but TI does not recommend using this part in a new design. 
PREVIEW: Device has been announced but is not in production. Samples may or may not be available. 

OBSOLETE: TI has discontinued the production of the device. 


) RoHS: TI defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that ROHS substance 
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "ROHS" products are suitable for use in specified lead-free processes. Tl may 
reference these types of products as "Pb-Free". 

RoHS Exempt: T! defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption. 

Green: TI defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based 
flame retardants must also meet the <=1000ppm threshold requirement. 


@) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature. 
There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device. 


6) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a"~" will appear on a device. If a line is indented then it is a continuation 
of the previous line and the two combined represent the entire Device Marking for that device. 
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©) | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two 
lines if the finish value exceeds the maximum column width. 


Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information 
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and 
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. 
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release. 


In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI to Customer on an annual basis. 
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TRAY 
L - Outer tray length without tabs i KO- 
| ———— Outer 
tray 
height 
P1 - Tray unit pocket pitch 
CW - Measurement for tray edge (Y direction) to corner pocket center 
CL - Measurement for tray edge (X direction) to corner pocket center 
Chamfer on Tray corner indicates Pin 1 orientation of packed units. 
*All dimensions are nominal 
Device Package | Package |} Pins | SPQ | Unit array Max L(mm)| W KO P1 CL CW 
Name Type matrix |temperature (mm) | (um) | (mm) | (mm) | (mm) 
(°C) 
TMS320LC542PBK1-50 PBK LQFP 128 90 6x15 150 315 | 135.9] 7620 | 20.3 | 15.4 | 15.4 
TMS320LC542PGE2-40 PGE LQFP 144 60 5X12 150 315 | 135.9] 7620 | 25.4 | 17.8 | 17.55 
TMS320LC542PGE2-50 PGE LQFP 144 60 5X12 150 315 | 135.9] 7620 | 25.4 | 17.8 | 17.55 
TMS320LC543PZ1-40 PZ LQFP 100 90 6x15 150 315 | 135.9] 7620 | 20.3 | 15.4 | 15.4 
TMS320LC543PZ1-50 PZ LQFP 100 90 6x15 150 315 | 135.9] 7620 | 20.3 | 15.4 | 15.4 
TMS320LC548PGE-66 PGE LQFP 144 60 5X12 150 315 | 135.9] 7620 | 25.4 | 17.8 | 17.55 
TMS320LC548PGE-80 PGE LQFP 144 60 5X12 150 315 | 135.9 |] 7620 | 25.4 | 17.8 | 17.55 
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MECHANICAL DATA 


MPBG021C — DECEMBER 1996 — REVISED MAY 2002 


GGU (S-PBGA-N144) PLASTIC BALL GRID ARRAY 


A1 Corner 


PWOAOMINOD}®MIOCAT EZ 


123 45 67 8 9 1011 1213 
Bottom View 


1,40 MAX 


\ v 3 Seating Plane 


ORO ROBO RORORORORO) 


|Z 0,08 @ 0.45 10,10 


= 


0,35 


4073221-2/C 12/01 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice 
C. MicroStar BGA™ configuration 


MicroStar BGA is a trademark of Texas Instruments Incorporated. 
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MECHANICAL DATA 


PBK (S—PQFP—G120) PLASTIC QUAD FLATPACK 
1 — O 1 § 
eT 
WUD UOUOUUUOUOUUUUU DODD UU ODOg0 
| 30 
}¢-————-- | 
}¢——_ -—_ —___-.. ——_______p| 
1,45 
| cal ‘\ apo s 
sem el ML Fe a Seating Plane 
1,60 MAX Ne 4 tis 0,08 
040279-2/C 10/9 
NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS—026 
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PGE (S-PQFP-G144) PLASTIC QUAD FLATPACK 


0,13 NOM 


17,50 TYP. > Y || cose Planet \ 


20,20 gq f 
19,80 0,25 


sQ 


21,80 


0,75 
045 


{| ; 
UU Seating Plane 


1,60 MAX 0,08 


4040147/C 10/96 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-026 
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MECHANICAL DATA 


PBK. S=POFP=G1238) PLASTIC QUAD FLATPACK 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS—026 
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LAND PATTERN DATA 


PBK (S—PQFP—G128) PLASTIC QUAD FLAT PACK 


Stencil Openings based on a stencil 


Example Board Layout ‘ ‘ 
Via pattern and copper area under solder mask thickness of .127mm (.00Sinch). 


may vary depending on layout constraints 


a 


\, Example 
a » - \.. Solder Mask Opening 
; ap 2 \ (See Note D) 


Example 
?~ Pad Geometry 


: 0,05 
“All Around.” 


4215356/A 07/12 


NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. 
Customers should contact their board assembly site for stencil design recommendations. Example stencil 
metal load solder paste. Refer to IPC—7525 for other stencil recommendations. 

D. Customers should contact their board fabrication site for solder mask tolerances between and 
around signal pads. 
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PZ (S-PQFP-G100) PLASTIC QUAD FLATPACK 


0,13 NOM 
WOU OULU UU UU 

UUUUUUUUUUUUUUUUOUUUUUUOE 

1 25 


— 12,00 TYP 4 | save planal \ 


14,20 
13,80 5° 


16,20 
15,80 os 


Seating Plane 


1,60 MAX 


4040149/B 11/96 


NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-026 
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LAND PATTERN DATA 


PZ (S—PQFP—G100) PLASTIC QUAD FLAT PACK 


Example Board Layout Stencil Openings based on a stencil 
thickness of .127mm (.005inch). 


ii 


CCUVAANUVAAAAAT AA 


Example 
Solder Mask Opening 
(See Note D) 


Example 
Pad Geometry 


4217869/A 08/12 
NOTES: 


A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. 
Customers should contact their board assembly site for stencil design recommendations. Example 
stencil design based on a 50% volumetric metal load solder paste. Refer to IPC—7525 for other 
stencil recommendations. 


D. ere pata should contact their board fabrication site for solder mask tolerances between and around 
signal pads. 
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IMPORTANT NOTICE AND DISCLAIMER 


Tl PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS. 


These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements. 


These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources. 


Tl’s products are provided subject to Tl’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. Tl’s provision of these resources does not expand or otherwise alter Tl’s applicable warranties or warranty disclaimers for 
TI products. 


Tl objects to and rejects any additional or different terms you may have proposed. 


Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265 
Copyright © 2022, Texas Instruments Incorporated 


